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SEQUENTIAL EFFECTS IN CHOICE REACTION TIME* 


ROGER W. SCHVANEVELDT ? лхо WILLIAM С. CHASE ? 


University of Wisconsin 


Four experiments examined sequential dependencies in choice RT as a 
function of number of alternatives, S-R compatibility, and the intertrial 
interval (ITI). A fifth experiment investigated guessing strategies. The 
two-choice compatible RT data revealed speeded responses to stimuli follow- 
ing certain alternating as well as some repeating sequences of stimuli. 
Similar patterns were obtained in the guessing task of Exp. V. Negative 


recency occurred in both the two- 


negative recency increased as ITI decreased. 
facilitated RT in both two- and four-choice tasks only after 
With a highly incompatible four-choice task, one repetition 
facilitate RT maximally. 
It was suggested that the sequential effects in choice RT 
rategies which depend on the complexity of the S-R code. 


codes, repetitions 
two repetitions. 

was sufficient to 
had no effect. 
reflect processing st 


The “repetition effect” (Bertelson, 1961) 
refers to the fact that in a serial choice re- 
action time (RT) task, responses to a sig- 
nal are faster when the signal is a repetition 
of the preceding signal than when the signal 
changes. The effect is greater for less com- 
patible S-R arrangements and with increases 
in the number of S-R alternatives (Bertel- 


Son, 1963). 
In contrast to th П 
tasks, experiments using à discrete t 


e results from serial RT 
wo- 


1 These results were presented, in part, at the 


Meetings of the Midwestern Psychological Associa- 

tion, Chicago, May 1967. Computer services were 
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Sychology, Stony Brook, New York 11790. 
Now at Carnegie-Mellon University. 
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and four-choice compatible tasks, and 


With less compatible S-R 


With incompatible codes, ITI 


choice RT paradigm have typically found a 
"negative recency" effect. Williams (1966) 
found responses to a changed signal were 
about 35 msec. faster than to repeated sig- 
nals. Hyman (1953) also found a small 
negative recency effect with two alternatives 
(15 msec.), but a large repetition effect with 
four alternatives (100 msec.), and an even 
larger effect with eight alternatives (150- 
200 msec.). Schaffer (1965) has found 
similar results with a small negative recency 
effect (10-15 msec.) in a two-choice task, 
but a repetition effect (20-50 msec.) in more 
complicated conditions involving a mapping 
of four stimuli onto two responses. This 
negative recency effect has occurred in these 
studies in the two-choice case with widely 
different S-R codes. 

Several studies have shown that intro- 
ducing a delay of more than a second be- 
tween a response and the next stimulus in a 
two-choice task attenuates or abolishes the 


;ychological Association, Inc. 
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repetition effect (Bertelson, 1961; Bertelson 
& Renkin, 1966; Hale, 1967). This result 
has led Bertelson (1963) to conceptualize 
the serial task as involving a short-cut pro- 
cedure. When a repetition occurs, S notes 
that the stimulus also occurred on the previ- 
ous trial and proceeds to make the same re- 
sponse rather than retrieve the S-R code. 
This short-cut cannot be used when the 
stimulus changes from one trial to the next, 
so that RTs to new stimuli are more affected 
by the complexity of the S-R code. The 
intertrial interval (ITI) is important for 
the short-cut strategy because S has to use 
the rapidly decaying memory trace of the 
previous response. 

Bertelson’s hypothesis can be contrasted 
to an “expectancy” hypothesis which main- 
tains that S prepares for certain events and 
reacts faster when the expectation is con- 
firmed. The evidence for the memory hy- 
pothesis is that the repetition effect weakens 
with time. Evidence for an expectancy 
hypothesis is provided by the negative re- 
cency findings. These results have been 
compared to the “gambler’s fallacy” phe- 
nomenon found in probability learning ex- 
periments in which Ss tend to guess the 
alternative response more frequently than the 
same response. Hale (1967) has shown a 
transition in two-choice serial RT from 
positive to negative recency as the ITI is 
increased from 100 msec. to 2 sec. These 
results suggest that both memory and ex- 
pectancy factors can operate in this situation 
and that memory factors may be more im- 
portant at short ITIs while the trace of the 
previous response is still available. 

The present set of experiments represents 
an attempt to replicate some of the main 
features of these results, to extend the num- 
ber of alternatives and S-R compatibility 
over several ITIs, and to examine the rela- 
tionship between set and RT by means of a 
guessing technique. In addition, a more 
thorough analysis of the sequential effects 
was carried out. Previously, only the ef- 
fect of the preceding response, number of 
preceding repetitions, or some other partial 
analysis has been conducted. In the pres- 
ent experiments, the effect of all sequences 
of three preceding stimuli was analyzed. 


METHOD 


Five experiments were run with different Ss in 
each. The Ss were volunteers from introductory 
psychology courses who received class credit for 
participation. In each RT experiment (I-IV), six 
Ss were nested within the conditions involving dif- 
ferent numbers of S-R alternatives, and each S 
received one of the six possible orders of three ITI 
conditions. In Exp. V (guessing), there were 
four conditions consisting of the combinations © 
two or four alternatives and compatible (lighted 
buttons) or incompatible (numbers-buttons) S-R 
codes. Five Ss were nested within each of the four 
conditions. The data from one S in four-choice 
numbers were not analyzed because of failure tO 
follow instructions. All Ss completed the experi 
ment in one session lasting 20 to 50 min. 

The four RT experiments differed in the S-R 
codes, number of S-R alternatives, values of the 
ITI, and the number of trials per condition. The 
ITI variable represents the transition from e 
serial to the discrete paradigm. Compatible S- 
codes were established by requiring 5 to press 2 
panel in response to the illumination of the panes 
A less compatible code involved a panel press es 
responding to a numeral (1, 2, 3, or 4). ET 
correspondence between the numerals and Lr 
responses was either ordered (Exp. III and V) el 
scrambled (Exp. IV). The conditions for eac 
experiment are summarized in Table 1. 

White noise at a level sufficiently intense to п f 
the noises generated by the controlling apparatu 
(located in an adjacent room) was delivered to É 
via earphones during the performance of each чо 
dition in the five experiments. In Exp. I, a 5-se 1 
cessation of the noise served as a warning sign? 
on each trial. No warning signal was used in Б 
II-IV. In Exp. V, cessation of the white no's 
signaled .5 to indicate which event he expected 
occur next. йел 

In the two-choice conditions, S rested his inde 
fingers on rectangular panels (% X 14 in.) WR 
could be illuminated from below (for the condition’ 
involving pressing lighted buttons). For the for 
choice tasks, four such panels were used an 
rested the index and middle fingers of each hand А | 
the panels. Numerals were presented (Exp. D 
V) by an Industrial Electronics Engineers Readot, 
Unit Model 10,000 which was mounted 3 in. або 
and 5 in. behind the response panels. The stimt? 
programming and response recording (inclu p 
RT) was accomplished with an IBM Model rd 
Printing summary punch and a Hewlett-Pack? 
electronic counter along with circuitry for timi, 
and control. In the .l-sec. ITI conditions, “s 
were represented on magnetic tape and the info? 
tion was transferred to cards after the sessio! {0 

In the RT experiments, Ss were instruct? 306 
respond as rapidly as possible without "^oi 
errors. They were completely informe us 
the conditions they would encounter, and ? jr 
trials at each ITI were demonstrated. Т! 


nask 
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TABLE 1 
CONDITIONS FOR EACH EXPERIMENT 


Number 
ofalter-| 1118 
natives 


Task S-R Code 


I| RT | Press lighted | 2, 4 


1 
buttons 2.5 
8.5 


II| RT | Press lighted | 2, 4 


1 
buttons 3 
0 


HI| RT 300 


Numbers to 1 
buttons E: 
(ordered 1.0 
left to 


right) 


Numbers to 4 324 


л 
buttons “5 
(scrambled 1.0 
order) 


У | Guess-| Press lighted 
ing buttons, 
numbers to 
buttons 
(ordered) 
el 37. JE uuu 


2,4 | S-paced 900 


15 trials in each condition were considered prac- 
tice trials and were not included in the analysis. 

he Ss in the guessing experiment (Exp. V) 
Were told, “we would like to determine what 


Be Mei 
you expect to occur at each point in a series О 
events , , , you should indicate which number 


(light) you expect to occur by pressing one of 


these two (four) buttons . . . - 
different sequence of events for each S, con- 
dition, and experiment was randomly generated 


Without restriction. 
RESULTS 


The history of the three stimuli pre- 
Ceding а particular stimulus (A) vae 
Sight possible sequences in which each А 

е three preceding stimuli 15 either the 
Same as or different (B) from A. Each 
Overlapping sequence of four stimuli except 
hose sequences containing an error or an 

T outside the range .01-1 sec. was in- 
"luded in the analysis. This partition allows 

mutually exclusive and exhaustive cate- 

i i imuli i cks generates a bias 
towand eas Жо. E: the two-choice T 
И N stimuli of each type are balanced in blocks “ 
Ny stimuli, the probability of an alternation 


e be 
(2N —1). This balancing procedure mi ud 


Süough to i i resu 
i nduce the negative recency 
i Probability learning experiments (Estes, 1964). 


gorization of the responses. The error rate 
in the RT experiments was approximately 
1-296. 

Compatibility—The mean differences in 
RT between two and four choices of Exp. 
I and II were 49 and 48 msec., respectively. 
This increase is modest compared to the 
160-msec. difference for the numbers-buttons 
code of Exp. III. These results agree quite 
well with other experiments manipulating 
S-R compatibility and suggest that pressing 
lighted buttons is highly compatible and is 
comparable to other spatial-spatial or sym- 
bolic-symbolic S-R codes such as pressing 
vibrators, pointing to lights, or naming 
numerals; the numbers-buttons code is rela- 
tively incompatible and is comparable to 
other symbolic-spatial or spatial-symbolic 
S-R codes (Fitts & Posner, 1967, p. 105). 

Sequential effects, two-choice—Figure 1 
shows the probability of guessing Stimulus 
A (Exp. V) given the three immediately 
preceding stimuli: P(A/SsS2Si). First 
note that the symmetry of the probabilities 
is obligatory in the two-choice case, i.e., 
P(A/BBB) is equal to 1 — P(A/AAA) 
within the limits of < consistency. That is 
true because in the two-choice case, the se- 
quences BBB and AAA are equivalent since 
S’s response is made before the appearance 
of the stimulus (A) he is attempting to 
guess. Thus the pairs of complementary 
stimulus sequences (BBB and AAA, ABB 
and BAA, BAB and ABA, and AAB and 
BBA) produce complementary response 
probabilities. The correlation between the 
four pairs of complementary sequences 
based on the mean P(A/S3S2S;) for all Ss 
was —.99. Note also that this symmetry 
does not necessarily hold in the RTT experi- 
ments since the reaction is made ѓо the stim- 
ulus (A) and the sequences AAA(A) and 
BBB(A) are no longer complementary. 

Analysis of variance of the two-choice 
probabilities revealed several significant 
sources of variance involving preceding stim- 
uli: Sy, F (1, 8) = 5.58, М5, = .047, p< 
05; Ss, Е (1, 8) = 9.19, MS, = .063, p < 
05; Ss, F (1, 8) = 7.83, MS, = 031, p< 
05; and S; X Se X Ss, F (1, 8) = 640, MS, 
= 015, р < .05. The high P(A/BAA) and 
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guessing Stimulus A as a function of the three 
preceding stimuli, 55:5, from Exp. V. (The a 
Priori probability of each sequence is shown for 
four-choice. Note that B means “not A” for the 
four-choice case.) 


P(A/AAA) reflect a positive recency or 
Tepetition guessing Strategy. In contrast, 
the high P(A/BAB) reflects a negative re- 
cency or alternation strategy. 

Figure 2 reveals symmetric RTs (sym- 
metric about the mean RT) to stimuli pre- 
ceded by complementary sequences in Exp. 
I and II but asymmetric RTs with the less 
compatible S-R code of Exp. ПІ. Correla- 
tions between the four complementary se- 
quences (AAA vs, BBB, etc.) yield zs of 
—.90 and —.998 for Exp. I and II, respec- 
tively, whereas for Exp. III, r= —.67. In 
addition, the pattern of responses for Exp. I 
and II correlates 4-84, Analyses of vari- 
ance of Exp. I and II reveal reliable effects 
due to the second preceding stimulus, S, Е 
(1, 5) 2222, MS, = 561, p< 01; and 
F (1, §) S382. MS, = 443, P < .005, re- 
spectively. The trends are slightly differ- 
ent than those in the expectancy data with 
less emphasis on repetitions and more 
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emphasis on alternations. The serial RT 
task (Exp. II) shows a larger negative 
recency effect, with fastest RTs following 
Sequence BAB and slowest to ABA. 

In contrast, Exp. III, with a less com- 
patible S-R code, reveals a significant repeti- 
tion effect. Analysis of variance shows main 
effects of Sn F (1, 5) 219.60, MS. = 
1,516, p < .01; and Sz, F (1, 5) = 18.5, MSe 
= 1,563, p < .01; and interactions of Sı x 
Ss, Е (1, 5) = 12.6, MS, = 1,007, p < 025; 
and Sı X S2 x Ss, F (1, 5) = 117, MS, = 
715, p < .025. An interesting point is that 
the repetition effect does not occur until A 
least two preceding A stimuli have occurred, 
and is stronger with three preceding 
stimuli. " 

Sequential effects, four-choice —Unlike 
the two-choice case, the eight sequences 0 
preceding stimuli are not equiprobable since 
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lighted-buttons code (Exp. I and II) and the з 
compatible numbers-buttons code (Exp. III) E Sy 
function of the three preceding stimuli, "ert 
(The figure represents the average for the t" $, 
values of ITI—1, 2.5, and 8.5 sec. for Exp. 5.7 
and 1.0 sec. for Exp. II and IIL.) 
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B means “not A." The BAB sequence, e.g., 
is not an alternating sequence in the four- 
choice case in the same sense as in the two- 
choice task since B could refer to any of the 
three stimuli other than Stimulus A. 
Figure 1 shows the a priori probabilities 
of each preceding stimulus sequence, 
P(SsS2S,), and the guessing probabilities, 
P(A/S,S,S,). The guessing probabilities 
seem to show a negative recency effect with 
Ss tending to make Response A more if 
Stimulus A has not occurred recently 
(BBB) than if it has occurred recently. Al- 
though the S, x S» X 53 interaction was not 
significant, the linear contrast of P(A/BBB) 
against the other seven probabilities was sig- 
nificant, ¢ (8) = 2.70, SE = .192, p< .05. 
The S, x So interaction, F (1, 8) = 880, 
MS, = 00244, р < .025, shows the negative 
recency effect with Ss tending to guess A 
more frequently if it has not occurred on the 
previous two trials, P(A/BB) — .262, but 
to guess A less frequently if it occurred 
recently, P(A/AB) = 191, P(A/BA) — 
217, and P(A/AA) = 214. This linear 
contrast was significant, t (8) = 3.96, SE 
= 0407, р < .005. The Sı X Se interaction 
Probably reflects the complicated guessing 
Strategies available with four choices. The 
Ss typically reported that they were looking 
for complicated patterns involving all four 
stimuli, These strategies would tend to use 
all stimuli before repeating the pattern and 
introduce a negative bias. Unfortunately, 
there are not enough data from the present 
experiment to permit the analysis of all se- 
quences of sufficient length to pick up the 
Complicated patterns to which Ss reported 
attending. There does seem to be some 
tendency for the guessing data to follow the 
а priori probabilities. А 
Figure 3 reveals very small sequential ef- 
fects in both the discrete and serial RT tasks 
for the highly compatible code, but large sys- 
tematic effects for the incompatible S-R code. 
nalysis of variance revealed no significant 
Sources of variance in the four-choice task of 
“Rp; I and a small effect of the second p- 
FAE stimulus in Exp. II, F (1, 5) =94 < 
b Se = 1,395, р < .05. The linear contras 
tween Sequences BAA and AAA vs. the 
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lighted-buttons code (Exp. I and II), the less 
compatible numbers-buttons code (Exp. III), and 
the highly incompatible scrambled numbers-buttons 
code (Exp. IV) as a function of the three preced- 
ing stimuli, 5:55. (The figure represents the 
average for the three values of ITI—1, 2.5, and 
8.5 sec. for Exp. 1; 11, .5, and 1.0 sec. for Exp. П, 
III, and IV. Note that B means "not A.”) 


other six sequences of Exp. I was significant, 
t (5) = 485, SE = 17.3, p < .005. The im- 
portant aspect of the data, however, is the 
small magnitude of these effects with the 
compatible S-R code. 

In Exp. III, there was a significant effect 
of the second preceding stimulus, S», F (1, 
5) = 10.9, MS, = 2,125, р < .025, and an 
S, x Ss interaction, F (1,5) = 10.5, MS, = 
670, р < .025. The interesting result is a 
repetition effect which depends on at least 
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Fic. 4. Two-choice RTs for Exp. I and II 
(compatible lighted-buttons code) as a function of 
ITI and the two preceding stimuli, SS. 


two repetitions before RT is greatly facili- 
tated, a result quite similar to that found in 
the two-choice case. In Exp. IV the only 
Significant sources of variance were the main 
effect of Sj, F (1, 5) = 35.8, MS, = 718, р 
« .005, and the difficult-to-interpret S, x 53 
interaction, F (1, 5) = 15.1, MS, = 262, ГА 
< .025. The main point here is that with 
the highly incompatible scrambled numbers- 
buttons code, a single repetition produces a 
dramatic maximal facilitation in RT. 

Delay.—The present set of experiments 
includes an attempt to replicate the decrease 
in the repetition effect over time. This re- 
sult would involve an interaction between 
ITI and the preceding stimulus, S,. "This 
interaction, however, did not approach sig- 
nificance in any of the present experiments, 
even though quite consistent increases in 
the repetition effect resulted from increasing 
the complexity of the S-R code. 

Some consistent effects of ITI were ob- 
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served with the compatible S-R code (Exp. 
I and II), but these results are not in agree- 
ment with a memory hypothesis. None of 
the interactions with ITI approached signifi- 
cance for the less compatible S-R codes of 
Exp. III and IV even though there were 
larger sequential effects in these experi- 
ments. 

Figure 4 summarizes the ITI effects for 
the two-choice case. There was an Sẹ x ITI 
interaction in Exp. I, F (2, 10) — 4.98, MS. 
= 628, р < .05, and an S, X Sə x ITI inter- 
action in Exp. П, F (2, 10) = 5.61, М5, = 
262, р < .05. In Exp. I it appears that at 
the short ITI (1.0 sec.) both the repetition 
and alternation effects become enhance 
since sequences which are disrupted (BB 
and BA) produce slower-than-average RTs, 
whereas RTs are faster than average to stim 
uli which continue the sequence (AA an 
ABJ: 
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In Exp. II, as the ITI is shortened, RTs 
decrease following AB and increase follow- 
ing BA. It seems as if Ss’ “set” for an 
alternating sequence becomes more pro- 
nounced the faster the stimuli are paced. 

Figure 5 illustrates an increase in an 
immediate negative recency effect as the ITI 
is decreased in the four-choice case. In 
Exp. II, RTs following sequence BA are 
greatly increased at the shortest ITI (100 
msec.). Perhaps there is also a slight in- 
crease in positive recency on the second 
repetition since the RTs are slightly de- 
creased at the shortest ITI following Se- 
quence AA, This effect is manifested in 
the S, x S, x ITI interaction, F (2, 10) = 
1227, М5, = 174, р < .005. With the 
longer ITIs of Exp. I, this effect is in the 
same direction but is greatly attenuated. 


Discussion 


The present results provide no support for a 
decaying-trace theory of the repetition effect 
Since the repetition effect was not a function of 
ITI over the ranges studied here. (100 msec.— 
8.5 sec.). The effects of ITI which did occur 
imply shifts in Ss’ set with faster pacing. 
These effects occurred in the most compatible 
situations where the sequential effects in the 


RT task showed similar patterns to the guess- 
ing results. With the less compatible tasks, 
where the repetition effect was strongest, there 

Experiment IV was 


Were no effects of ITI. nt 
designed to produce a large repetition effect 
by using a four-choice highly incompatible S-R 
Code so as to give ITI a maximal chance, yet 
the results are clearly negative. These results 
Agree with recent work by Keele (in press), 
Who found no change in the repetition effect 
Over ITIs of 2, 4, and 8 sec. in a six-choice 
ights-buttons task and no effect of interpolated 
arithmetic tasks in the 4-sec. ITI. І 
Experiments reporting a decrease 1 the 
repetition effect with ITI have only used two- 
Choice lights-buttons or numbers-buttons codes 
(Bertelson, 1961; Bertelson & Renkin, 1966; 
Hate, 1967). Although the inferred changes in 
Set in the present experiments probably ge 
Оп the presentation of the ITIs in blocks, the 
€crease in the repetition effect found in ШЕ 
Studies does not since it has occurred with 
cither blocked or randomized ITIs. One inter- 
Ssting difference between the present results 
and those obtained in previous studies is the 


smaller magnitude of the repetition effect here. 
The magnitude of the effect was 30 msec. with 
four-choice numbers-buttons and 80 msec. with 
scrambled numbers-buttons codes, whereas Ber- 
telson (1963) found magnitudes of 143 and 316 
msec., respectively. 

The more thorough analysis in the present 
experiments reveals some important sequential 
effects which are ignored by simply analyzing 
the effect of the immediately preceding stimu- 
lus. With a highly compatible S-R code, the 
sequential effects for the two-choice case re- 
semble the pattern of responses in a guessing 
experiment. The symmetry of the patterns of 
RT in the two-choice compatible case implies 
that a set is built up before a stimulus occurs, 
and the stimulus either does or does not fit the 
set. Thus, RTs following two formally iden- 
tical sequences are negatively correlated since 
the reaction stimulus confirms the set in one 
case and infirms it in the other (e.g, BAB[A] 
vs. ABA[A]). These sets seem to change with 
faster pacing. In the four-choice case also, 
the negative recency of the first repetition be- 
comes enhanced with shorter ITIs. 

The stimulus sequences which seem to deter- 
mine Ss' set are repeating and alternating se- 
quences of binary events. These sequences 
are what Garner (1966) would call redundant 
or low-information sequences because they 
originate from a small subjective subset of 
binary sequences. Glanzer and Clark (1962, 
1963) have related memory for binary se- 
quences to the length of the verbalization 
necessary to describe them. Anderson (1964) 
has noted the same response patterns in prob- 
ability-matching experiments and has sug- 
gested that these higher order processes must 
be accounted for in any learning theory. This 
is the point the authors wish to make here: 
These sequential dependencies reveal higher 
order cognitive processes involved in even the 
simplest choice RT task. 

The changes in the effects of the preceding 
stimuli with changes in S-R compatibility sug- 
gest a shift in the mode of processing as the 
S-R code becomes more complicated. Perhaps 
checking for a repetition before retrieving a 
complex S-R code is more efficient. This is 
essentially the model proposed by Bertelson 
(1963) except that the process is apparently not 
dependent on some rapidly decaying motor or 
kinesthetic trace of the previous response. The 
asymmetry of the response patterns implies that 
with an incompatible S-R code, Ss are re. 
sponding fo the presented stimulus, so that if 
the stimulus is a repetition, RT will be facili. 
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tated, but if it is new, RT depends on how fast 
the S-R code is retrieved rather than on what 
sequence preceded it. With the most compli- 
cated code (four-choice scrambled numbers-but- 
tons), the check for a match with the preceding 
stimulus is apparently the primary process since 
RT is largely determined by the relationship 
between the present and the preceding stimulus. 
With more compatible codes, it takes at least 
two repetitions to facilitate RTs, and three 
repetitions facilitate more. Perhaps several 
strategies begin to compete as the repetition 
strategy becomes less efficient with more com- 
patible S-R codes. 

The key to understanding these sequential ef- 
fects, it is suggested, lies not in processes 
affected so much by the ITI, but rather in 
higher order processes critically dependent on 
the S-R code. With highly compatible codes, 
the preceding sequence determines a set or 
expectency which determines the RT, but as 
the S-R code becomes more complicated, it 
becomes more efficient to check for a repe- 
tition first. The type of memory involved is 
not some decaying memory or motor trace of 
the previous response, but perhaps some verbal 
trace of the preceding sequence (Glanzer & 
Clark, 1962, 1963) which determines the ex- 
pectancy (or defines a relation between the 
present and previous stimuli). This type of 
memory is apparently not affected by unfilled 
intervals or by unrelated interpolated activity, 


but rather by the nature of the stimulus se- 
quence. 
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DIFFERENTIAL EYELID CONDITIONING TO VERBAL 
STIMULI VARYING IN FORMAL SIMILARITY 
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Two experiments both 
whether the amount o 
tioning to verbal stimuli 
between the two stimuli. 
investigated. High simi 
The use of multipl 
the task, but increasing t 


multiple stimuli did not produce a consistent effect. 
1l situations involving multiple stimuli, the 


positive CS were longer for a 


effect being independent of similarity. 


involving verbal stimuli were undertaken to determine 
{ discrimination developed in differential eyelid condi- 
varies according to the similarity (letter identity) 
The effects of single vs. multiple stimuli were also 
larity resulted in significantly poorer discrimination. 
е as compared with single stimuli increased the difficulty of 
he number of similarity relationships holding among 


Modal latencies to the 


Differences in differentiation resulted 


primarily from differences in responding to the positive stimulus. 


The purpose of this experiment was to 
study the development of a discrimination 
between two verbal stimuli in a classical 
differential eyelid conditioning situation and 
to determine whether this behavior is related 
to the formal similarity among those stimuli. 

The rationale behind the experiment 
comes primarily from the domain of verbal 


learning rather than from a focus on the 


conditioning process, verbal behavior, or the 
Recent theoretical 


relation between the two. 

discussions of paired-associate verbal learn- 
ing (eg. Battig, 1968) have stressed the 
component processes which presumably con- 
tribute to overall performance. Although 
most of the emphasis has been on response 
factors and associative factors, there has 
been an increasing interest in the stimulus or 
cue factors and the role of stimulus encoding 


in learning. 

One variable, whos cts ^ 
known for some time, is the similarity among 
the stimuli (Gibson, 1940). Although simi- 
larity generally retards acquisition perform- 
ance, the analysis of the source of difficulty 
is made difficult by the very nature of the 
variable, Similarity, unlike many stimulus 
parameters, is not an attribute of single 
Stimuli, but is based on the relationship be- 
tween the stimulus being presented and 
all other stimuli involved in the learning 


1 Requests for reprints should be sent to LE 
sit Runquist, Department. of Psychology, "f 
Чу of Alberta, Edmonton, Alberta, Canada. 


e effects have been 


task. In order to make the paired-asso- 
ciate task sensitive to the effects of most 
variables, it is necessary to use a relatively 
large number of items to comprise the learn- 
ing task. As a result, the similarity rela- 
tions existing among the items in this set are 
usually complex, making it impossible to 
specify for a given item just which of the 
other items in the list are interacting with 
that item. From an analytic point of view, it 
would seem advantageous to use a "mini- 
mal" interference situation in which S 
learns two pairs. Interaction among items 
could then be specified in terms of specific 
parameters relating the two items. 

The classical conditioning paradigm would 
seem to provide a technique suitable for this 
analysis. Classical conditioning and paired- 
associate learning bear considerable opera- 
tional similarity (Spence, Farber, & Mc- 
Fann, 1956), although it would appear that 
the differential conditioning situation resem- 
bles minimal paired-associate learning more 
than simple conditioning. Essentially, two 
pairs of stimuli are presented to S (CS+ 
and UCS; CS- and no UCS), just as 
verbal paired associates present two worc 
pairs. The major difference in the para: 
digms is the peculiar motivational signifi 
cance of the second stimulus (UCS) ir 
classical conditioning, for this event produce: 
a much slower development of differentia 
responding than would be the case with ver 
bal pairs under instructions to learn 
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Hence, a procedure such as differential clas- 
sical conditioning of the defensive eyeblink 
might be used to advantage to study inter- 
ference processes, providing it can be demon- 
strated that variables producing interference 
in paired-associate performance produce 
similar effects in the differential conditioning 
situation. 

In this article, two experiments are re- 
ported in which the formal similarity be- 
tween positive and negative verbal stimuli 
was varied in a differential eyelid condition- 
ing situation. Also investigated were the 
effects of multiple vs. single ‘stimuli, to de- 
termine whether amount of material to be 
processed also produces more interference in 
this situation as it does in paired-associate 
learning. 


МЕтнор 
Subjects and Design 


Experiment I—The Ss were 96 undergraduate 
volunteers from an introductory psychology course. 
All Ss had normal vision without the aid of 
glasses. They were assigned randomly to one of 
eight groups, with six males and six females com- 
prising each group. 

Each S received 60 reinforced trials (CS-UCS) 
to a stimulus designated CS+, and 60 nonreinforced 
trials (CS alone) to a stimulus designated CS—. 

The stimuli were CVC trigrams with less than 
25% association value (Archer, 1960). Four sets 
of stimuli were used with each set consisting of 
three pairs of trigrams. One member of a pair was 
arbitrarily designated as CS-- and one as CS—. 

_For two of the sets, the CS+ and CS— were 
dissimilar as they contained no letters in common. 
Similarity between pairs within a set was also low. 
For the remaining two sets similarity between pairs 
was low, but the CS+ shared two letters with 
CS—.  Similarity was defined according to a 
scheme described by Runquist and Joinson (1968) 
in terms of letter position identity rules. In one 
set, the identity between CS+ and CS— was in the 
first and second letter, while in the second set, it 
was in the first and third letters. Thus, the “rule” 
defining similarity within a set was the same for all 
CS+-CS— conditions, with different rules within 
each set. 

Each S received either one or three pairs of stim- 
uli during conditioning. For Ss receiving three 
pairs, each pair was used on one-third of the 
trials. For Ss receiving one pair, one-third of the 
Ss used each pair of stimuli. The experiment may 
thus be treated as a 2X 2X 2 factorial design in 
which sets of stimuli (labeled A and B), number 
of pairs (1 vs. 3), and similarity (or more prop- 
erly, letter identity) were the independent vari- 


ables. The eight groups were designated A-1-L, 
A-1-H, A-3-L, etc. Note that Sets A and B have a 
dummy variable in the case of low similarity and 
simply represent different sets of stimuli, while in 
the high-similarity condition they represent a 
different similarity rule. The difficulty of interpre- 
tation which could result from this was obviated by 
the fact that the CS+s were the same for both 
high- and low-similarity pairs within each set. 

Experiment II.—The study included only four 
high-similarity groups. Each group contained 12 
Ss selected and assigned as in Exp.I. The only 
difference in this experiment lay in the relationship 
among the pairs making up each set of three CS4- 
and CS— combinations. Whereas in Exp. I the 
rule defining similarity (or identical components) 
between each pair of stimuli was the same for all 
pairs in a set, in Exp. II each pair shared two 
letters but each of the three pairs shared a differ- 
ent three letters, ie, first and second, first and 
third, or second and third letters identical. Of 
course, for an individual S, this difference would 
be apparent only in groups given all three pairs 
of a set. Two sets (C and D) were constructed 
using the identical three rules. Thus, Ss ге- 
ceived either three pairs or one pair of stimuli 
from either set. In the groups receiving one pair, 
one-third of the Ss used each pair from a set. 
In the analysis the effects may be contrasted with 
the results of the low-similarity conditions of 
Exp. I. 

Apparatus—The conditioning laboratory has 
been previously described (Runquist & Muir, 1965; 
Runquist & Towart, 1965). The major differences 
occur in the nature of the CS and in the length 
of the CS-UCS interval. 

Essentially, two Ss sit in isolated booths each 
facing a white wall from which protrudes at eye 
level a black box containing a 3X 5 in. ground 
glass face upon which the CS appeared. The UCS, 
a puff of compressed nitrogen 75 msec. in dura- 
tion directed to the cornea of the eye, followed the 
onset of the CS by 800 msec. Intensity of the UCS 
was 100 mm. (mercury) and both CS and UCS 
terminated simultaneously. The recording appa- 
ratus consisted of the mechanical electrical system 
now in common use. Conditioned responses were 
recorded as deflections in the record greater than 1 
mm. in the interval 150-799 msec. following CS 
onset. 

Procedure—Two Ss were run simultaneously 
with each S seated in a wooden armchair in his 
own booth. After the headset had been attached, 
neutral instructions which mentioned that S should 
respond naturally were read by E. Conditioning 
trials followed immediately with intertrial intervals 
randomly spaced at 15, 20, and 25 sec. Each 
experimental session consisted of 120 trials and 
lasted approximately 40 min. Trials were pro- 
grammed so that each block of 20 trials consisted 
of 10 CS+ and 10 CS— trials. In those groups 
using three sets of stimuli, however, perfect bal- 
ancing was attained only after 60 trials. 
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TABLE 1 
MEAN PERCENTAGE ОЕ CRs то CS+ anD CS— 


Trials 1-60 Trials 61-120 
Exp. | Subsets] Set cs+ cs— cs+ cs— 
LS HS Ls HS Ls HS Ls HS 
6.7 47.5 17.5 12.2 84.7 58.9 8.1 10.0 
: 1 & 104 64.2 15.0 27.8 48.3 73.9 18.9 21.9 
(844) | (55.8) | (26.1) | (36.1) (92.5) | (64.4) (20.3) (24.7) 
3 A 54.4 40.8 21.4 29.2 76.1 59.2 12.2 19.7 
3 B 58.1 31.7 15.6 19.7 80.6 40.6 12.5 22.8 
- 5.8 = 22.2 =s 79.4 — 13.9 
rials E E: = 16.9 = 68.6 = 122 
3 С m 52.2 — 35.8 — 69.4 — 18.1 
3 D == 38.9 — 34.2 — 58.1 — 36.9 


RESULTS 


Experiment I.—Discrimination was evi- 
denced after 20 trials for the groups pre- 
sented with one pair and after 30 trials for 
the groups presented with three pairs. Ac- 
quisition appeared to be virtually complete 
at the end of 60 trials for the one-patr groups 
and after 80 trials for the three-pair groups. 
The highest frequency of CRs to CS— oc- 
curred during the first 30 trials for the one- 
pair groups and during the first 30 trials for 
the three-pair groups. Thereafter, the ratio 
of CRs to CS— steadily decreased for all 
u M discrimination was well estab- 
lished after 60 trials and because the num- 
ber of CS+ and CS— presentations was 
equal at this point for all groups, differences 
in performance were evaluated in two parts: 
tion" (Trials 1-60) and "asymptotic 


“acquisi 
u 3 _120). Table 1 presents 
level” (Trials 61 120) Rs to both positive 


the mean percentage of C 
and mulie stimuli at both stages. It can 
be seen that the effects of similarity were 
restricted to the CS+ ; hence, the results pre- 
sented in Table 1 were evaluated in terms of 
discrimination scores (Gynther, 1957) car- 
tied out as a Similarity X Sets x Number 
of Pairs factorial analysis of variance for 
each block of 60 trials separately. 
discrimination score for each 5 consisted B 
the difference between the percentage of : s 
to CS+ and the percentage of CRs to CS-. 

Low-similarity groups discriminated sig- 


nificantly better than high-similarity groups 
in both parts of the analysis: Trials 1-60, F 
(1, 88) = 7.75, p < 01; Trials 61-120, F 
(1, 88) =9.09, p<.005. The different 
similarity relationships underlying each set 
did not produce a significant difference dur- 
ing acquisition but did result in different 
asymptotic levels of performance, F (1, 88) 
= 541, р < .05. Examination of the data 
revealed that the rule underlying Set A 
(first and third letters identical) was su- 
perior to the rule underlying Set B (first 
and second letters identical) in providing 
discriminatory cues. Presentation of one 
pair rather than three pairs resulted in sig- 
nificantly better discrimination during acqui- 
sition, F (1, 88) = 6.00, р < .05, but was 
not significant during asymptotic level per- 
formance. The Similarity Х Number of 
Pairs interaction was not significant during 
acquisition but was significant during asymp- 
totic level performance, F (1, 88) = 674, р 
< 05. The Similarity X Sets X Number 
of Pairs interaction was significant during 
acquisition, F (1, 88) = 4.97, р < .05, and 
also during asymptotic level performance, F 
(1, 88) = 8.11, р < .01. These significant 
interactions appeared to be due largely to а 
high proportion of poor conditioners in 
Group B-1-L. To determine whether this 
was a reliable effect, a replication of Groups 
B-1-L and B-1-H was carried out on 12 Ss 
per group. The values in parentheses in 
Table 1 are the mean percentage of CRs 
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from this replication. Separate ¢ tests carried 
out on this replication revealed that the low- 
similarity group discriminated significantly 
better than the high-similarity group for 
both parts of the analysis: Trials 1-60, t 
(22) = 2.96, р < .01; Trials 61-120, t (22) 
= 2.63, p < .05. Hence, the significance of 
these interactions appears to be due to a 
sampling effect in Group B-1-L of the 
original study. 

Frequency distributions of CRs of dif- 
ferent latencies were pooled across Ss and 
plotted (not presented here). Of interest, 
however, is the fact that the highest fre- 
quency of CRs occurred 550-600 msec. 
after CS onset for all groups presented with 
one pair and 600-650 msec. after CS onset 
for all groups presented with three pairs. 
For both one- and three-pair groups the 
lowest frequency of responding occurred 
250-300 msec. after CS onset. These find- 
ings are consistently independent of simi- 
larity and of the different sets used. 

Experiment II.—Results of this experi- 
ment are also presented in Table 1. In 
general, acquisition was basically similar to 
that of Exp. I. A series of orthogonal 
comparisons on discrimination scores, using 
the A groups from Exp. I as low-similarity 
controls were applied to the data for Trials 
1-60 and Trials 61-120. Significantly bet- 
ter discrimination occurred for the low- 
similarity groups than for the high-similar- 
ity groups for both parts of the analysis: 
Trials 1-60, t (66) — 223, p < .05; Trials 
61-120, t (66) = 2.90, р < 01. Presenta- 
tion of one pair rather than three pairs 
resulted in superior acquisition and asymp- 
totic level performance: Trials 1-60, t (66) 
= 5.17, р < .001; Trials 61-120, # (66) = 
2.94, p < .01. The fact that similarity ef- 
fects appeared more reliably and the num- 
ber of subsets less reliably during asymp- 
totic level performance than during acqui- 
sition parallels the general trend of results 
of Exp. І. Distribution of latencies was also 
similar to that of Exp. I in that modal 
latency was 50 msec. earlier for the groups 
having only one pair of stimuli. Too few 
Ss were available in the subgroups to pro- 
vide an analysis of the individual rules. 


DISCUSSION 


There were several findings of interest. 
First, formal similarity generally produced 
poorer discrimination. With only a single CS+ 
and CS—, however, the effect was somewhat 
variable and there was considerable variation 
among specific stimuli. Since this study deals 
with identity of letters rather than with simi- 
larity, some of this variation may be due to 
acoustic or phonetic similarity in the pronunci- 
ation of various units (Wickelgren, 1966) or 
variations in visual similarity of letters. Also 
as a result of this variation, very little confi- 
dence should be placed in variations between 
sets in Exp. I. Although Nelson (1968) has 
found differences in paired-associate perform- 
ance due to location of identical elements, there 
are conflicting data (Runquist, 1968) and it 
is likely that a much wider sampling of items 
than that used here will be necessary before 
such an analysis can be meaningful. Neverthe- 
less, the results in this respect are encouraging 
and the technique seems to offer a possible 
method of dealing with interference among 
specific pairs. 

Increasing the number of stimuli and the 
number of similarity relationships holding 
when multiple stimuli were used was expected 
to increase the diffculty of the task. The 
former variable did in fact result in slower 
differentiation and furthermore produced more 
consistent similarity effects. In Exp. II, how- 
ever, where the number of “rules” being dealt 
with was greater, the effect of similarity ap- 
pears to be less. This contradicts findings in 
paired-associate learning where the greater 
number of rules produces an increase in diffi- 
culty (Runquist, 1968). It may well be that the 
long ISI used in this study is responsible, for it 
would allow long latency differentiation mech- 
anisms to operate which could have attenuated 
the effects of the more complex processing rules 
necessary for Exp. II rather than for Exp. I. 
Some evidence for the role of temporal vari- 
ables is that the latency data show longer modal 
latencies in the three-stimulus problem. The 
effect, however, was independent of similarity 
in both experiments. 

Also of some interest is the fact that while 
response to the negative CS was uniformly low, 
differences in performance to the positive CS 
were still obtained, i.e., the effect of similarity 
seems to be entirely restricted to the positive 
stimulus, a finding consistent with Gynther’s 
(1957) data using nonverbal stimuli. Although 
no explanation has been offered for this re- 
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sult, it does have methodological implications, 
for it allows one to “measure” the extent of 
interference simply by comparing levels of 
response to the positive stimulus as related to 
variations in the negative stimulus. 

Finally, a comment is in order relating the 
findings and technique to the body of literature 
and theory dealing with so-called semantic con- 
ditioning (e.g, Razran, 1961). In no way do 
the authors wish to conceive of the present ex- 
periments as relevant to those theories which 
attempt to treat verbal stimuli as higher order 
CSs or attempt to deal with the complex phe- 
nomena of language in a conditioning frame- 
work (e.g, Staats, 1961). These experiments, 
and others presently in progress, are à result 
of attempts to deal with the processes producing 
interference in learning. They simply take for 
granted that verbal stimuli can act as CSs. The 
conditioning procedure seems to be a con- 
venient way of analyzing certain subprocesses 
which may be involved in more complex multi- 
ple-association learning situations. Whether 
such learning is or is not ultimately reducible 
to pure conditioning principles is irrelevant. 
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USE OF CUES IN THE VISUAL PERIPHERY 
UNDER CONDITIONS OF AROUSAL: 


DONNA M. CORNSWEET 2 
Berkeley, California 


Evidence from various experiments indicates that under conditions of arousal, 
S5 are less attentive to information occurring in the visual periphery. It is 


Aroused Ss not only showed no reduction in range of cue use, but findings 


indicate that they, in fact, used 


greater degree than did nonaroused Ss. 


Various authors have commented on the 
changes in cognitive organization which oc- 
cur under conditions of emotional arousal, 
Korchin ( 1964), who summarized much of 
the thinking on this topic, suggested that the 
“narrowing of cognitive organization is an 
essential part of the anxiety process” and 
cited Tolman (1948), who had suggested that 
emotional arousal acts to narrow cognitive 
maps. In general, there seems to be agree- 
ment that states of Strong arousal are disrup- 
tive of cognitive organization and that this 
disruption is reflected in a reduction in the 
range of cues used by the aroused S. Re- 
duction in Tange of cue use is said to have 
occurred when the use of peripheral cues has 
been reduced, although the use of central 
cues has been maintained (Easterbrook, 
1959). 

The notion of reduction in Tange of cue 
use under conditions of arousal has been ap- 
plied to experiments using perceptual tasks 
that yield findings indicating that aroused Ss 
are less attentive to information occurring in 
the visual periphery than when not aroused 
(Bahrick, Fitts, & Rankin, 1952; Bursill, 
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1958). Implicit in interpretations of these 
experiments is the notion that under condi- 
tions of arousal the visual field of S, or the 
physical range of cues available to him, un- 
dergoes an actual contraction, a "funneling 
of the field of awareness" (Bursill, 1958), or 
a "reduction in range of cue utilization" 
(Easterbrook, 1959). However, in the ex- 
periments cited, the peripheral visual cues 
had little or no relevance to S’s primary 
task; and, since it seems to be true that 
aroused Ss are relatively inattentive to ex- 
traneous information, this factor alone may 
account for the experimental findings. 
“Funneling” has not been shown to occur 
when the peripheral visual cues are task- 
relevant. 

In the experiments described here, stimuli 
Presented to S’s visual periphery were rele- 
vant in that they provided information, 
which, if used, aided $ in his performance of 
a task. If the notions of funneling or reduc- 
tion in range of cue use, under conditions of 
arousal, are applicable to all occurrences in 
the visual field, it would be expected that Ss 
performing this task when aroused would do 
less well than nonaroused Ss, 


METHOD 


Subjects—The Ss consisted of 102 students en- 
rolled in beginning undergraduate psychology 
courses at the University of California, Only 15 
dropped out because of fear of shock, and 11 Ss 
were discarded as a result of apparatus failure. 
Among the remaining 90 Ss there were 57 women 


and 33 men. All were naive about the nature of 
this experiment, 
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Apparatus.—The S rested his chin in a chin rest 
and one finger from each hand on each of two keys. 
A fixation point was mounted 24 in. straight ahead 
of S. Two flashlight bulbs (General Electric No. 
51), run at 7.8 v. from a constant voltage source, 
were placed one on each side of the fixation point, 
5? 20' from it. These lights are referred to as the 
central stimuli. On each side of S’s head, 90° from 
the fixation point, two additional lights were 
mounted at eye level. These lights are referred 
to as the peripheral stimuli. The luminance of the 
surfaces forming the background was 6 ftl., a low 
photopic level. 

The temporal sequence of the events constituting 
a single reaction time (RT) measure is as follows. 
The E pressed a button which made a click audible 
to S. On trials when a peripheral light was 
presented, one peripheral light, either the right or 
the left one, came on .5 sec. after the click. After 
another .3 sec. the central light on the same side 
was turned on. On trials when no peripheral light 
was presented, one central light, either the right 
or the left one, came on 8 sec. after the click. 
When S released the key on the same side as 
the central stimulus light, the timer stopped and 
the stimulus light went out. 

A. 60-cycle sinusoidal constant voltage shock, set 
by a procedure to be described below, was used for 
arousal. The electrodes were two expandable metal 
watch bands attached, one above the other approxi- 
mately 14 in. apart, to the lower right leg of S. 
The skin was not prepared in any special way. _ 

Choice reaction procedure.—On half of the trials 
the peripheral lights preceded the central ones, and 
on the remaining half the peripheral lights were not 
turned on. If S’s RT is shorter on trials when the 
peripheral lights are present, he may be said to be 
using the peripheral lights. The presence of the 
peripheral lights can shorten RT in either of two 
ways. Since the onset of a particular peripheral 
light precedes the onset of the corresponding cen- 
tral light, S could shorten his RT by responding di- 
rectly to the peripheral light as soon as it camie ys 
This would shorten his RT by an amount equa to 
the interval between the onset of the periphera 
light and the onset of the central light (300 ш 
A second way in which S could use the perip ета 
lights to reduce his RT is as follows: Upon € 
e.g., the left peripheral light, S could then айса о 
the left central light and respond as soon as he sees 
it go on. If he does this, his response to the cen- 
tral light is now à simple rather than a choice cq 
tion. Since it is known that simple visual RI i 
approximately 100 msec. shorter than, choice ae 
RT, such a procedure would reduce his R qd ha 
amount (Woodworth, 1954). It was evident me 
the results that all Ss, if they used the periphera 
lights at all, used them in this second manner. , 

Choice RT, with and without the peripheral pe 
uli, was measured for three groups of 30 Ss each 
Each group was run under one of the followme 
conditions: a condition in which Ss were ks 
shocked (no-shock condition), a condition In W hich 


Ss were shocked and told that the faster they re- 
sponded the fewer shocks they would receive (per- 
formance-dependent shock condition), and a con- 
dition in which Ss were shocked and told that they 
would be shocked regardless of how they performed 
on the choice reaction task (performance-inde- 
pendent shock condition). For each of the groups, 
choice RT was measured with and without the 
peripheral lights (information and no-information 
trials), the difference in choice RT being the 
measure of the extent to which the peripheral stim- 
uli were used. 

The experimental session was divided into three 
segments for each S: a warm-up period consisting 
of 10 practice trials; a shock period consisting of 10 
trials, at the beginning of which the shock elec- 
trodes were attached to Ss in the two shock groups 
and during which each S in the two shock groups 
was shocked three times; and a postshock period 
consisting of 20 trials during which no further 
shocks were administered. 

Each S was adapted to the room luminance for 
a 10-min. period. He was then instructed to place 
his chin in the chin rest, to depress the two keys in 
front of him with the first finger of each hand, and 
to keep his eyes fixed on the fixation point in front 
of him. The instructions read to each S were as 
follows : 


This is an experiment testing your RT. Опе of 
these lights in front of you [E points] will go on 
and your job is to turn it out by letting up one 
of these keys. If this right light goes on, you can 
turn it off by letting up this right key. Try it. 
That's right. If this left light goes on, you can 
turn it off by letting up this left key. Try it. 
That's right. If you make a mistake and let up 
the wrong finger, this mistake light [E points] 
will go on and credit will be subtracted so try 
not to make any mistakes. Both lights will never 
go on at the same time, so never lift up both 
fingers. It's either one or the other. While this 
is going on, try to keep your eyes fixed on this 
little circle (fixation point) in front of you. It 
helps to keep the stray light from the room out 
of your eyes and it will help you respond faster. 
All right. When I say “ready,” press down both 
keys and stare at the little circle. In about a 
second, one of the center lights will come on. 
When it does, lift up the correct finger and stay 
that way until I say "okay." Then you can let 
up the other finger and rest a minute until I 
say "ready" and you press both keys down again. 
Okay? Remember, stare at the little circle and 
respond as fast as you can. 


No reference was made to S concerning the periph- 
eral lights. 

Information trials and no-information trials were 
presented in a random order with the restriction 
that there be an equal number of information trials 
and no-information trials during the warm-up 
period, during the shock period, and during the 
post-shock period. Different Ss were run under 
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different random orders. The RT trials were 
given in a continuous series, except for the breaks 
described below, and were carried out in one 60- 
min. experimental session. The same peripheral 
light intensity was used on both peripheral lights 
for all Ss. 

Additional instructions differing from group to 
group were given as follows: After the first 10 
practice trials were completed, each S in the no- 
shock group was given a 5-min. break inserted to 
match this group with the two shock groups, who 
were given additional instructions at this point. 
After the next 30 trials were completed, S was told 
that the rest of the experiment involved the use of 
electric shock, at which time E attached the shock 
device to S's leg and gave him 10 additional trials, 
3 of which were accompanied by shock. If S be- 
came alarmed and reíused to continue, his record 
was discarded. This procedure was included to 
ensure that 55 in this group were not different from 
those in the two shock groups with respect to 
their willingness to participate in an experiment 
entailing shock. This control turned out to be un- 
necessary since only 1 of the 91 Ss who began the 
experiment dropped out from fear of shock. 

After the first 10 practice trials were completed, 
each S in the performance-dependent shock group 
was told that the rest of the experiment involved 
the use of electric shock, and E strapped the shock 


device to S's leg. The 5 was then given the follow- 
ing instructions : 


This experiment has been going on quite a while 
and we have a standard of how fast the average 
person responds. You will be shocked when your 
responses are slower than the average person of 
your age. The shock may not come exactly after 


a slow response but it will come shortly there- 
after. 


Contrary to these instructions, administration of 
shock, in fact, had nothing to do with the speed of 
S’s performance. During the 30 trials which en- 
sued following these instructions, each S in the 
group received a total of three shocks: one after 
Trial 12, one after Trial 15, and one after Trial 19. 
The shocks were initiated approximately .5 sec. 
after completion of S’s response and had a duration 
of approximately .5 sec. Because of the possi- 
bly directly disruptive effect of shock on per- 
formance, administration of shock was discontinued 
at this point, although $ did not know this. 

After the first 10 practice trials were completed, 
each S in the performance-independent shock group 
was told that the rest of the experiment involved 
the use of electric shock, and E strapped the shock 


device to S’s leg. The instructions read to S were 
as follows: 


Now as you saw in the beginning of this experi- 
ment, you have been assigned to the control 
group. [Unlike Ss in the other two groups, at 
the time when they were assigned to their ex- 
perimental group, Ss in this group were “al- 
lowed" to see that their data sheets were labeled 


with the words, control group.] This experiment 
has two main groups, a control group, which you 
are in, and an experimental group, which gets 
shocked when they respond too slowly. In order 
to do this experiment, we have to match each 
person in the experimental group with a person 
in the control group. So you are going to be 
matched with a particular person who was as- 
signed to the experimental group. As I said 
before, this person got shocked whenever he 
responded too slowly. In order to match you 
with this particular person, you are going to get 
the same number of shocks at the same times in 
the experiment as he got, no matter how you, 
yourself, are performing. The shocks you will 
get have nothing at all to do with how you are 
doing. They don't have anything to do with how 
fast or how slow you are performing. They are 
just being given to you in order to match you 
with the other person in the experimental group. 


Contrary to these instructions, 5, in reality, was 
not matched with any $ in the "experimental 
group." During the 30 trials which ensued follow- 
ing these instructions, each .5 in this group received 
а total of three shocks: one after Trial 12, one 
after Trial 15, and one after Trial 19. 'Thus, the 
number of shocks and timing of shock administra- 
tion was the same for this group as for the per- 
formance-dependent shock group. 

Shock level.—It was obviously very important in 
this experiment to set the shock at a level dis- 
turbing to the average 5. The following pro- 
cedure was used to accomplish this. The first S’s 
Shock intensity was set at a level estimated to be 
moderately painful. After all the trials were com- 
pleted, S was asked to rate the shock as “very 
painful" "moderately painful," or "mildly painful." 
If he rated the shock as "very painful," the level 
was reduced for the next S. If he rated the shock 
as "moderately painful" the level was left un- 
changed for the next S. If he rated the shock as 
“mildly painful" the level was raised for the 
next S. This procedure was continued for every 
S throughout the experiment, maximizing the num- 


ber of Ss who were given shocks which they rated 
as "moderately painful.” з 


RESULTS 


Learning curves from this experiment 
indicate that performance was stable during 
the last 20 trials. During the first 10 trials, 
Ss were learning the task. During the next 
10 trials, Ss in the two shock groups were 
being shocked. After Trial 20, treatment of 
all Ss was identical; therefore, only the RT 
scores from Trials 21 through 40 were used 
in the analyses of this experiment, 


* This procedure is a modification of the staircase 
psychophysical method (Cornsweet, 1962). 
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A mean difference score for each S was 
derived from Trials 21 through 40 by sub- 
tracting his mean choice RT on information 
trials from his mean choice RT on no-infor- 
mation trials. This mean difference score 
showed each S’s average gain from using 
the peripheral stimuli. Group means and the 
results of statistical tests on these means are 
presented in Table 1. The results show that 
the mean difference scores for the two shock 
groups are significantly different from zero, 
indicating that the two shock groups used 
the peripheral cues to a significant degree. 
The mean difference score for the no-shock 
group is not significantly different from zero. 
In no case do the data show significant sex 
differences in performance. 

Further ¢ tests were carried out in which 
the two shock groups were compared with 
each other and with the no-shock group. 
Results are shown in Table 2. This analysis 
indicates that while the two shock groups 
do not differ significantly from one another 
in use of the peripheral cues, each shock 
group may differ from the no-shock group. 

All groups were compared on no-informa- 
tion trials to determine whether shock af- 
fected absolute RT. In no case were the 
groups significantly different on this mea- 
sure. That is, the shock did not cause a 
generalized speedup in RT. Rather, shock 
differentially affected performance on the in- 
formation trials. 

Inspection of th 
ment questionnair 
jority of Ss rated the shock a 
(87% in both shock groups). UE percent 
of Ss acknowledged being 45 upset" ог 
“more upset" at the end of the experiment 


e data from a postexperi- 
e indicated that the ma- 
as upsetting 


TABLE 1 


Grour Mean RT'S (IN MSEC.) FOR INFORMATION 
‘AND No-INFORMATION TRIALS 


Performance- Performance- 


Trials Novshock | dependent, | Shock groun 
No information 343.73 330.25 354.83 
Information 335.64 | 295.51 rer 
Reduction 8.09 34.71 - 
in RT 

SD 39.18 64.74 “ш 

t (29 df) 1.13 2.94 © 

b 51 <.01 <. 


TABLE 2 


COMPARISON OF GROUPS IN USE ОЕ 
PERIPHERAL INFORMATION 


Performance 
, н E" 
Performance-| Performance-| independent 
Groups dependent | independent vs. 
vs. no- vs. no- preformance- 


shock groups| shock groups| dependent 


shock groups 


Difference between 


means 26.62 Ж 23.42 3.20 
SD 13.80 1123 14.76 
t (58 df) 1.93 2.08 22 
? «.06 Ẹ <.05 mi 


than they were in the beginning. The per- 
formance of individuals who said they tried 
to respond faster in order to avoid being 
shocked did not differ significantly from the 
performance of individuals who said that 
they did not try to do anything to avoid being 
shocked. Some Ss reported that they 
noticed the peripheral lights, while others did 
not. However, the performance of individ- 
uals who reported that they noticed the 
peripheral lights and who could correctly 
verbalize their signal function did not differ 
significantly from the performance of indi- 
viduals who did not notice the peripheral 
lights. 
DISCUSSION 


Present findings indicate that the level of 
arousal used in this experiment did not affect 
deleteriously the use of peripheral visual cues 
that were relevant to the task. On the contrary, 
the use of the peripheral cues was actually 
enhanced under conditions of arousal. This oc- 
curred both in a group of Ss who thought they 
could avoid being shocked by reacting quickly 
and, thus, who were highly motivated to use 
any available information which would help 
them in this aim, as well as in a group of Ss 
who believed they could do nothing to avoid 
being shocked and who disclaimed trying out 
any maneuvers to avoid the shock. 

The critical difference between the studies 
cited previously and the present study appears 
to be that in the former, the peripheral visual 
cues were irrelevant to the task. In the present 
study, the peripheral visual cues provided in- 
formation which was relevant to performance 
on the choice reaction task. 
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APPLICATION OF A MODEL FOR NUMERICAL RESPONSE 
TO A PROBABILITY LEARNING SITUATION" 


NORMAN H. ANDERSON ? 
University of California, San Dicgo 


One hundred and twenty Ss predicted which of 21 numbers would occur next 


in a sequence of trials. 


Two distributions of reinforcing numbers and two 


sets of instructions were used to test a linear model for numerical response. 
Sequential dependencies for both distributions had the predicted straight-line 
form under Distance instructions in which S was ostensibly judging the 


distance between two points. 


However, they showed some nonlinearity 


under Guess instructions. Some suggestion of the predicted numerical 
matching was also obtained under Distance, but not Guess, instructions. The 
slope of the first-order dependency was about .30 in all conditions, from 
which the model predicts а slope of about .21 for the second-order depen- 
dency. The observed slopes were much less, and the pattern of results was 
quite similar to that of two-choice probability learning. It was noted that a 
more general averaging model, with short-term and long-term components, 


might be able to account for the data. 


This report gives an experimental test of 
a mathematical model for tasks in which the 
response is numerical, defined over some 
continuum. Although this model relates to 
general problems of information integration, 
it is applied here to a learning task. Be- 
cause a numerical response 15 employed, 
two particular problems arise in the theo- 
retical analysis: the representation of the 
response system underlying the overt re- 
sponse and the representation of the effects 
of the reinforcing stimulus. | 
The present approach begins with the 
straightforward assumption | that. the re- 
sponse on amy trial is emitted in accord 
with some probability distribution over the 
The effect of the re- 


response continuum. 
inforcing stimulus 15 then assumed to change 


the mean of this distribution according to the 
following structural equation : 


1 = ара + bx, + n: [1] 
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In this equation, рь and p4,1 are the means 
of the response distributions for a given S 
on Trials n and п + 1; x, is the overt re- 
sponse and A, is the reinforcing stimulus on 
Trial n; a, b, and c are conditioning param- 
eters. 

These conditioning parameters, a, b, and 
c, may be considered as weights attached 
to each of three determinants of the response 
mean, ду. The weight, c, of the rein- 
forcing stimulus is the analog of the learn- 
ing rate in discrete response models. The 
weight, b, allows for response perseveration 
or for association by contiguity, while a 
reflects response inertia. It is assumed here 
that a +b -- c = 1, so that Equation 1 be- 
comes an averaging model. Only the learn- 
ing rate, c, then enters into the theoretical 
analyses to be considered here. 

The basic ideas and derivations for this 
model were given in Anderson (1961) 
though only specific values of the condi- 
tioning parameters were considered. Later 
work (Anderson, 1964a, 1964b) allowed 
arbitrary conditioning parameters, consid- 
ered a multitrial generalization, and, most 
importantly, removed the restrictive assump- 
tion that all response distributions had the 
same asymptotic shape. 

Because a probability distribution is as- 
sumed to underly any given response, and 
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because the response is numerical rather 
than categorical, the mathematical deriva- 
tions involve problems not found in the 
analysis of discrete-response models. In 
this respect, one technical comment needs 
brief mention. 

If the reinforcing stimuli are chosen prob- 
abilistically, then a given S can end up with 
any one of the large number of response 
means pn, on Trial n, depending on what 
reinforcing stimuli chanced to occur. More- 
over, the same holds even if a constant rein- 
forcing stimulus is used as long as b 52 0 in 
Equation 1. In either case, pa will itself be 
governed by a probability distribution, and 
the mean learning curve and other statistics 
must be considered as averages over this 
probability distribution. Fortunately, even 
though this distribution is not known, the 
derivations yield simple results. 

Two theorems are of immediate relevance 
here. The first is a numerical matching 
theorem. If the reinforcing stimuli are 
chosen from a probability distribution with 
the same mean, X, on each trial, then the 
equation for the learning curve is 


Bn =À – [А – a] – с)", [2] 


where i1 is the response mean on the initial 
trial, and p, is the average of the response 
means on Trial л as defined above. 

Equation 2 is a standard growth curve 
with asymptote, A. Since X is just the mean 
reinforcing stimulus, this result constitutes a 
matching theorem for numerical response, 
analogous to that developed by Estes (1957) 
for discrete-response models, 

The second theorem gives the stimulus de- 
pendencies. If А, is the reinforcing stimulus 


on Trial я, then the expected value of the 
response k trials later is 


E (ха №) —c(1—6)*,--Constant. [3] 

Equation 3 contains two testable predic- 
tions since each sequential dependency on 
the left can be estimated directly from the 
data. First, each sequential dependency is 
a straight-line function of the reinforcing 
stimulus, An. Second, the slopes of the 
various dependencies are specified functions 
of a single parameter, the learning rate, c. 


. ANDERSON 


It should be stressed that the predictions 
of Equations 2 and 3 do not depend on how 
the response probability is distributed 
around the mean. The response distribu- 
tion may have any shape, and this shape may 
vary from trial to trial in any way. 

This generality gives a marked strategic 
advantage to the present approach. It effec- 
tively bypasses difficult questions about the 
shape of the reinforcement gradient, and al- 
lows one to test goodness of fit and to 
evaluate parameters regardless of the shape 
of the response distribution. 

Finally, it is interesting to note that Equa- 
tion 3 is formally similar to the sequential 
dependencies that have been derived for 
linear operator models for discrete response 
(Anderson, 1959). This parallel was one of 
the reasons for choosing a probability learn- 
ing task for this experiment. 

Work with two-choice probability learning 
has made clear that sequential dependencies 
are much more informative than mean learn- 
ing curves. Accordingly, this experiment 
was designed primarily around the tests af- 
forded by Equation 3 instead of the numeri- 
cal matching prediction of Equation 2. 


METHOD 


Instructions—There were two main instruction 
conditions, Guess and Distance. Under Distance 
instructions, Ss were ostensibly to judge the dis- 
tance between two dots of light. They were told 
that all distances were between 11 and 13 in. and 
that judgments should be made in tenths of an inch 
with 21 possible responses ranging from 110 to 130. 
The variation in horizontal location of the pair of 
lights on each trial was explained as being required 
in order to eliminate extraneous cues. Finally, Ss 
were told that visual discriminations were difficult 
under the prevailing experimental conditions so 
that they should not worry if they did not seem to 
do too well. 

Under Guess instructions, Ss were told that E 
had a list of numbers between 110 and 130 ar- 
ranged in scrambled, chance order, and that their 
task was to guess which number was next on the 
list. They were told that they could not expect to 
do too well since the numbers were in chance order, 
that. they should not worry about this, but still try 
to improve with practice and do the best they 
could. Under Guess instructions, the illumination 
of the pair of lamps on each trial Served merely as 
the signal to respond. 

. Both instruction Broups were told to respond 
Just as the signal lamps went off. In this respect, 
it may be noted, they developed different typical be- 
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havior. The Guess Ss tended to respond shortly 
after the signal lamps came on. The Distance Ss 
tended to respond 2-3 sec. after the signal lamps 
went off. 

Procedure—The S was seated 8 ft. from a panel 
with a milk-glass face, 4 ft. wide, and 4 in. high. 
Inside the panel, at l-in. spacing, was a row of 21 
white lamps covered by a mask with a series of 
circular openings. When lit, each lamp projected 
a well-defined circle of light, ¥s-in. diameter, on 
the milk glass. 

On each trial, a pair of lamps was on 4sec. The 
next trial began aíter a 4-sec. off period. The two 
lamps of each pair were always spaced 12 in. 
apart, and there were 10 such lamp pairs altogether. 

The experiment was run in darkness except for 
a small shaded lamp in E's corner. For each trial, 
E scheduled the next pair of signal lamps, re- 
corded S's response, and gave the reinforcing stim- 
ulus, or "correct response," for that trial. Timing 
of the lamps was controlled by two Hunter timers. 

Stimuli.—There were two main stimulus condi- 
tions, with uniform and birectangular distribution 
of the reinforcing stimuli. These were analogous 
to the 50:50 and 75:25 schedules of two-choice 
probability learning. 

In the uniform distribution, the various numbers 
occurred equally often as feedback stimuli. Trials 
1-42 were practice in which each number from 110 
to 130 appeared two times. Trials 43-194 pro- 
vided the main data. Each number from 111 to 129 
appeared four times over Trials 43-118, and this 
sequence was repeated on Trials 119-194. 

There was also a final block of 40 trials, designed 
to test for negative recency. These 40 trials con- 
tained just five numbers occurring eight times each. 
These five numbers were at the lower end of the 

111 to 115, except for one subgroup 
For this subgroup, run with Distance 
d the uniform distribution, the five 
125-129, at the upper end of the 


range, from 
of 24 Ss. 
instructions an 
numbers were 
range. 

In the birectangula 
terminal blocks of tri 
uniform distribution. 


r distribution, the initial and 
als were the same as for the 
Over Trials 43-116, each 
number from 111 to 120 occurred two times, and 
each number from 121 to 129 occurred six times. 
This sequence was repeated over Trials 117-190. : 
There were four different sequences of reinforcing 
numbers for each distribution condition. The num- 
bers were arranged in random order, subject to the 
balancing restrictions given above. Each rein- 
forcement sequence was joined with a sequence of 
lamp pairs. The 10 lamp pairs were also in 
random order and occurred about equally often in 
each block of trials. As already noted, the signal 
lamps contained no information, serving only as the 
signal to respond. | 
Subjects.—One hundred twenty females from in- 
troductory psychology were randomly assigned to 
the various experimental conditions. There were 
24 Ss in each cell of the 2 X 2 design formed by the 
two sets of instructions and the two feedback dis- 


tributions. As already noted, 24 Ss were also run 
under Distance instructions and uniform distribu- 
tion but with the terminal block of feedback num- 
bers in the upper range, from 125 to 129. 

For simplicity in presenting the data, all stimuli 
and responses are reduced by 100 so that they lie in 
the range from 10 to 30. 


RESULTS 


Sequential dependencies.—The data of 
primary interest are the stimulus depen- 
dencies, relating the response on any trial to 
the reinforcing stimuli on the several preced- 
ing trials. All data from both presentations 
of the main block of trials were used to 
obtain these dependencies. Stimulus se- 
quences were included as a factor in the 
analyses but were not significant in any test. 
Some of the analyses were made only for the 
condition with Distance instructions and 
the uniform reinforcement distribution, since 
this condition had 48 Ss, twice as many as in 
the other three conditions. 

The first-order dependency is plotted in 
Fig. 1. Each curve gives the mean response 
as a function of the value of the reinforcing 
stimulus on the preceding trial This im- 
mediate effect of the reinforcing stimulus is 
substantial since the slopes of the curves are 
about .3 in all conditions. The uniform and 
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Fic. 1. First-order sequential dependencies, 


showing mean response as a function of reinforcing 
stimulus on previous trial. (In the lower panel, the 
paired curves for the Distance instructions are from 
the first and second halves of the main block of 
trials. The accompanying curve for Guess in- 
structions is displaced downward two units for 


clarity.) 
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the birectangular distributions have about 
the same effect. Moreover, this effect 
is largely linear, in agreement with Equation 
3. In the two Guess conditions, however, 
there appears to be some falling off at the 
upper end. 

The paired curves in the lower panel give 
an indication of the reliability of these data. 
These two curves are for the first and second 
presentations of the main block of trials for 
the Distance condition with the uniform dis- 
tribution. As can be seen, the two curves 
are essentially the same except for the rein- 
forcing stimulus equal to 125. For clarity, 
the Guess curve was displaced downward 
in the graph. 

The second-order dependencies are shown 
in Fig. 2. These curves plot mean response 
as a function of the reinforcing stimulus two 
trials preceding. In addition, the third- 
order dependency is given for the condition 
with more Ss. For clarity, each curve is 
displaced vertically as indicated by the re- 
peating ordinate. 

The curves for these higher-order depen- 
dencies are somewhat irregular, but they do 
not seem to show any systematic nonlinear- 
ity. The linear trend is small, but it was 
significant in each case, 

For the statist 
line was fit by le 
each dependency, 


ical analysis, a separate 
ast-squares for each S for 
The mean slope coeffi- 
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Higher-order sequential de 
Showing mean response as a function 
forcing stimulus on the second Or third previous 
trial. (Successive curves are displaced two units 
as indicated by the repeating ordinate.) 


pendencies, 
of the rein- 


TABLE 1 


MEAN RESPONSE-STIMULUS REGRESSION COEFFI- 
CIENTS FoR First- AND SECOND-ORDER 
DEPENDENCIES 


Uniform Birectangular 
Dependency 
Distance Guess Distance | Guess 
First 297 -309 .333 .286 
Second 054 —.042 .097 ‚072 
Third —.022 


cients are in Table 1, and the first row gives 
the slopes of the first-order curves of Fig. 1. 
These are all near .3 and there are no 
significant differences among them. 

The slopes of the second-order depen- 
dencies are considerably lower. For the bi- 
rectangular distribution, the Guess and Dis- 
tance slopes are not significantly different, 
but their mean of .084 is significantly 
greater than zero, F (1, 40) = 17.14. For 
the uniform distribution, the Distance and 
Guess slopes are significantly different from 
each other, F (1, 64) — 20.19, and each is 
significantly different from zero. Finally, 
the one third-order dependency that was 
calculated was significantly negative, F (1, 
44) — 7.39. 

Despite their small size, the two nega- 
tive entries in Table 1 have special theoreti- 
cal interest since such negative stimulus de- 
pendencies are not allowed by any of the 
models mentioned in the introduction. A 
negative second-order dependency would re- 
sult from a tendency to alternate toward the 
other end of the response range from the 
stimulus two trials preceding. Such a tend- 
епсу would presumably be potentiated by 
the use of Guess instructions and uniform 
reinforcement distribution, Accordingly, the 


pattern of the second-order dependencies in 
Table 1 seems consisten 


t with the experi- 
menta] variables. 


à à The interpretation of the 
negative third-order dependency, however, 


is not clear. It could result from a negative 
recency effect, but the data do not provide 
any other evidence for this tendency in the 
Distance condition, 

‚ Nonlinearity in the first-order 
cles was assessed b 
1956) of the qua 


dependen- 
y trend analyses (Grant, 
dratic, cubic, and quartic 
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components. The only significant nonlinear- 
ity was the quadratic trend which occurred 
in both Guess conditions. This reflects the 
falling off of the first-order curves at the 
upper end of the response range already 
noted in Fig. 1. Apparently there is some 
asymmetry in the response range from 110 
to 130 for the Guess Ss. 


Mean response level—The mean response level 
in the main block of trials is of interest primarily 
as it bears on the theoretical prediction of numeri- 
cal matching. For the uniform distribution match- 
ing would be expected in the absence of bias. Over 
the second presentation of the main trial block, the 
mean response was 20.41 for Distance and 20.04 
for Guess instructions. Neither value deviates 
significantly from 20, the mean of the reinforcement 
distribution, 

The mean of the birectangular reinforcement dis- 
tribution is 22.625. The observed mean of 20.90 
for the Guess instructions falls significantly below 
this, F (1, 40) = 21.63. The observed mean of 
21.92 for the Distance instructions was not signifi- 
cantly different from the matching prediction, al- 
though the deviation seems larger than would be 
desirable. . 

The primary purpose of the terminal block of 
trials was to test for negative recency analogous to 
that found in run curves for two-choice probability 
learning (Anderson, 1960; Jarvik, 1951). The 
mean response over this terminal block is shown 
in Fig. 3. At face value, the upswing over the 
first six trials for the Guess condition with uniform 
distribution represents such a negative recency ef- 
fect. However, there is little sign of a similar 
trend in the other curves and it is difficult to say 
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er terminal block of 
niform over 
11-15 for the 
lower curves for the 
d up two units for 


Fic. 3. Mean response ОУ 
trials. (Reinforcement distribution 
25-29 for the upper curve, and over 
four lower curves. The two 
uniform condition are displace 
clarity.) 


whether it is real in this one condition. Neverthe- 
less, its occurrence is consistent with the fact that 
this same condition is the only one to show a nega- 
tive second-order dependency in Table 1. 

The theoretical asymptotes in the terminal block 
are 13 for the lower four curves and 27 for the 
upper curve of Fig. 3. Convergence is slow and there 
is no clear indication that the matching asymptotes 
would have been reached with further trials. Slow 
convergence is usually found in discrete-choice 
probability learning and the same might be ex- 
pected here. It should be noted, however, that the 
round number preferences considered below would 
bias the mean response away from the matching 
asymptote over the terminal block of trials. 

Asymptotic behavior in the terminal transfer con- 
dition depends on complete extinction of all the 
responses outside the range used in the terminal 
block. There is, of course, an extinction. curve 
for each such response, and more detailed study of 
this family of extinction curves would be of inter- 
est. The present experiment was not designed for 
this purpose, but one bit of relevant information 
may be worth mention. The responses over the 
final 10 trials were tabulated for the 48 Ss under 
Distance instructions for whom the reinforcing 
stimuli for the terminal block were from 11 to 15. 
Of these 480 responses, 114 were higher than 15. 
Of these 114, there were forty-eight 16s, twenty 
17s, ten 18s, five 19s, twelve 20s, and nineteen 
scattered above 20, These data show a clear gen- 
eralization gradient. 


Conditional distributions —More than 
one interpretation is possible of the linearity 
of the first-order dependencies of Fig. 1. 
As an extreme example, 5 might either 
repeat the previous stimulus with a certain 
probability or else choose a response at ran- 
dom from some arbitrary distribution. This 
hypothesis would not even require reference 
to the numerical character of the response 
continuum. However, it would predict the 
linearity of the first-order dependencies. 

The first-order conditional distributions 
provide information on this and related 
questions. Thus, if the above all-or-none 
hypothesis were correct, all conditional dis- 
tributions would be alike except for a single 
peak at different response values. 

These conditional distributions are shown 
in Table 2 for the 48 Ss run with Distance 
instructions and the uniform reinforcement 
distribution. Each row of the table gives the 
frequency of each response on the trials fol- 
lowing the occurrence of the reinforcing 
stimulus listed in that row. The data are 
from the main block of trials so that each S 
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TABLE 2 


Ч J Ч EV TRIAL 
RESPONSE DISTRIBUTIONS CONDITIONAL ON EACH REINFORCING STIMULUS ON PREVIOUS TRIA 


Response 
Rein- 
КЧ 5 27 29 30 
stim- 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 2 
716] s|16|39|29. | 5 3| él s| 1| i 
2 70 | 16 | 29 | 23 | 22; 47] 9] 15] 12] 11 | 12 1 
1 6 {3 E. 2 2 59 | 20 | 26 | 40 5 25 [7 17 H n 1] 0 © к : 3 
13 | 4] 513 |10 |31 | 77 | 18 | 21 | 37 | 28 | 4 7 oa) КЕ Б 
2 7 | 42 | 28 | 33 | 60 | 23 | 54 | 12 | 18 | 16 5 2 2 
15 i Н 10 0 30 | 21 | 24 | 59 | 43 | 23 90 9 is 1 i a E | : З С 
5 | 25 |351 11 |27163132 |62 2 3 3 
3 2 1 D 17 35 | 15 | 17 | 44 | 38 | 55 al 30 30 n 5 4 T E 1 Й 
10 | 24 | 35 | 31 | 21 | 32 | 75 2|25 2 
19 i 3 $ 9 9 | 28 | 21 | 26 | 44 | 14 | 70 | 313 | 41 | 26 | 10 | 13 | 10] 5| 3| 5 1 
20|3|1| 5| 7| 7|14| 14 | 17 | 43 |39 | 29 | 81160 | 38 | 11 | 24 | 7| 7|13 2 3 
21 1| 2| 4| 7| 6} 22] 12] 20] 33 |27175 | 9| 37 47 27 | 23 7 8 7 { $ 
22 3| 4| 2| 4| 7) 13 15 | 26 | 31 | 82 | 42 | 13 | 35 | 21 36 17 9 | 10 s 
23 2| 3| 3] 5| 4|14|13|16]|29|23|58]|28 | 55 | 12 33 50 15 5 8 5 2 
24 2| S) 1) 4] 5|11| 6|17|13]|20| 59] 31 | 45 29 |14 | 51 | 27 | 21 | 12 9 E 
25 1 1131 9112115 | 6|15]| 15 | 19 | 63 | 16 41 | 44 37 17 | 22 23 14| 6 E 
26 1| 3| 7| 4] 4|16| 5|12|17| 10145 | 11 | 31 36 52 |60| 8] 15] 33] 9 E 
27 Oi £) 41 7| 3) 10] 7| 716117 53 | 14 | 24 | 41 | 35 | 73 [23| 6 24] 14 sa 
28 1] S| 2] 2) 3) 124131 11) 14] 17 41 | 17 | 25 | 26 | 26 | 78 | 30 | 33 8 | 10 i 
29 2) 0) 4] 2] 2|11| 8 | 144117] 18 46 | 9 | 41 | 20 | 22 | 60 | 28 | 37 | 15 TIZ 
contributes eight instances to each row of ences by restricting the response scale to 
the table. The occurrences of 10 and 30 as round numbers or by adopting a line-mark- 


responses stems from their occurrence as re- 
inforcing stimuli over the initial trial block. 
This manipulation, it may be noted, had the 
purpose of preventing 11 and 29 from be- 
coming bounds on the response. 

Three main features of Table 2 are of inter- 
est. First, there is a marked local negative 
recency effect: Ss avoid responding with 
the number that just occurred as the rein- 
forcing stimulus on the previous trial. The 
relevant frequencies are in the main diag- 
onal; with one exception, each is less than 
the frequency on either side. 

Despite this local negative recency, there 
is marked generalization along the response 
continuum. The responses in any row tend 
to occur in the general neighborhood of 
the reinforcing stimulus. This is consistent 
with the model as well as with Fig. 1, which 
is simply the graph of means of the condi- 
tional distributions of Table 2. 

Finally, sizable preferences are evident for 
three round numbers: 15, 20, and 25. In- 
spection of the data suggests that they tend 
to occur at the expense of the two adjacent 
numbers in each case. In further work, it 


might be possible to minimize such prefer- 


ing response. 


DISCUSSION 


Only the data obtained under Distance in- 
structions will be considered here. The Guess 
condition was included primarily for compara- 
tive information on effect of instructions, and 
these data were not expected to satisfy the 
model. In fact, they did not since the first- 
order sequential dependency was nonlinear for 
both Guess conditions. 


For the Distance instructions, however, the 


sequential dependencies had a straight-line 
form, as required by the model. In addition, 
the mean 


asymptotic response for this condi- 
tion gave some support to the numerical match- 
ing theorem. 

However, the third prediction, which inter- 
relates the slopes of the dependency curves of 
different orders, was not verified. The slope of 
the first-order curve was about 3 in all condi- 
tions. From Equation 3, the slope of the sec- 
ond-order curve should then be about .3 x .7 = 
21. The observed values, however, are not 
even half that large. Moreover, the one third- 
order dependency that was obtained is actually 
negative. On this basis, it must be concluded 


that the linear model of Equation 1 is seriously 
inadequate, 
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There is, however, a more general model that 
may be able to account for the behavior. This 
is the multitrial generalization of Equation 1 
which, in its simplest form, can be written 


k 
иһ = wolo + 25 Widn—i- 


il 


[4] 


Here w; and Ay are the weight and value of 
the reinforcing stimulus on Trial n-i. The Io 
term allows for the operation of a general 
expectancy, possibly of preexperimental origin, 
with weight 200. 

According to Equation 4, the response mean 
on any trial is a weighted sum or average of the 
several previous stimuli and the general expec- 
tancy. Mathematically, this averaging formula- 
tion includes Equation 1 as a special case. „Тһе 
w; then become specified functions of a single 
parameter, c, as given by Equation 3. Np 

From the psychological standpoint, it is inter- 
esting to note that Equation 4 has a short-term 
and a long-term component. The short-term 
component reflects just the k previous trials, 
each receiving а specified weight. Existing 
data on sequential dependencies show that 
weight decreases rapidly as trial distance in- 
creases, which would seem more consistent with 
an interference hypothesis than with a hypothe- 


sis of memory trace decay. The need for a 


long-term component is indicated by findings 
of semipermanent transfer effects (Anderson, 
1960; Witte, 1964). In general, Ig would de- 
pend partly on prior experience, partly on early 
experience in the given stimulus schedule. At 
asymptote, however, Jo would be expected to be 
constant as is assumed for its present applica- 
S a substantive level, it may be noted, this 
formulation considers the organism as an inte- 
grator of stimulus information (Anderson, 
1968). It may be viewed, therefore, as à aM 
tive, expectancy model rather than a traditiona 
conditioning model. An application to it 
choice probability learning has been made, with 
mixed success, by Friedman, Carterette, and 
Anderson (1968). 


This averaging model also predicts straight- 


line sequential dependencies. Further, E 
slopes of these curves are just the luc a па! 
S associates with the previous stimuli. Since 

this for- 


the slopes are thus free parameters, 
mulation has no difficulty in accounting for the 
sequential data. t 

For this very reason the present data m 
provide a very severe test of the averaging 


model, An extremely powerful test is available 
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if the stimulus sequences are constructed by 
appropriate use of factorial designs (Anderson, 
1964b). The model then predicts that the sta- 
tistical interactions of the design should be 
zero, and this test may be made by ordinary 
analysis of variance. The present experiment 
was completed before this technique was dis- 
covered, however, and applying it to the 
present data would be difficult. An illustration 
of the technique can be found in the cited 
report of Friedman et al. (1968). 

The question of numerical matching is of 
interest in its own right, and a few earlier 
studies bear on this. A condition similar to 
the present Guess condition was included in 
an experiment with a numerical response task 
by Schoeffler (1962). Numerical matching was 
obtained in this case, and similar results have 
been reported by Suppes and Frankmann 
(1961), and by Rosenberg (1963). Unfortu- 
nately, in all these cases the reinforcing distribu- 
tion was symmetrical so that mere lack of 
response bias would be sufficient to produce 
matching. The present birectangular distribu- 
tion provides a better test, but the results were 
mixed and even the agreement obtained for the 
Distance condition must be viewed with 
caution. 

Existing evidence, therefore, does not pro- 
vide a firm assessment of numerical matching 
at the empirical level. However, the evidence 
from discrete-choice probability learning sug- 
gests that it may not hold. Although the origi- 
nal finding by Grant, Hake, and Hornseth 
(1951) that Ss match in two-choice tasks has 
been repeatedly confirmed, the use of more than 
two choices generally does not produce match- 
ing (e.g, Cotton & Rechtschaffen, 1958). In 
this regard, it may be noted that the generalized 
averaging model of Equation 4 predicts match- 
ing if w — 0. In principle, therefore, it can 
allow for nonmatching through the operation of 
a general expectancy, though whether this 
would work out in practice is not clear. 

Note that the local negative recency effect 
and the round number tendency are undesirable 
features of the present task. Although they did 
not appear to have much effect on the sequential 
dependencies in this experiment, they would 
in general tend to bias the response asymptotes. 
Accordingly, tasks in which the response 
continuum is spatial might be preferable. In 
particular, responding on a circular scale 
(Bilodeau 1953, 1955; Suppes, 1959) has spe- 
cial interest since it would allow а continuous, 
unidirectional shift in the location of the rein- 
forcement distribution over trials. 
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Other theoretical formulations for continuous 
response models have been proposed by Suppes 
(1959, 1960), as well as by Rosenberg (1962, 
1963), who has been particularly concerned with 
two-person interaction. Rosenberg’s approach 
has special interest since it allows the condition- 
ing parameters to be random variables rather 
than constants. In addition, Equation 1 has 
been independently proposed by Rouanet and 
Rosenberg (1964), who use it to classify vari- 
ous particular models that have been proposed. 

The relevance of the present data to these 
other models is difficult to assess in any exact 
way because nearly all of them require some as- 
sumption about the shape of the response dis- 
tributions. As a consequence, expressions for 
the sequential dependencies are generally diffi- 
cult or impossible to obtain. Nevertheless, the 
linear structure of these models suggests that 
they would not be markedly different in their 
predictions from those given by Equation 3, and 
the present results, accordingly, raise some 
question about their adequacy. The attempts 
that have been made to handle sequential de- 
pendencies with these formulations (eg., Sup- 
pes, Rouanet, Levine, & Frankmann, 1964) 
would seem to support this. 

How seriousa disagreement might be depends, 
of course, on the generality of the present re- 
sults, The response biases noted above аге a 
limiting factor in this regard. On the other 
hand, the pattern of sequential dependencies 
obtained here is quite similar to that repeatedly 
obtained in two-choice probability learning 
(e.g, Anderson, 1960, 1966; Friedman et al, 
1968). This suggests that a corresponding gen- 
erality will be found for continuous response 


tasks of the type that have so far been 
employed, 


On this basis, it 
methodological poi 
employed here, 


seems important to Stress a 
nt. The tests of the model 
‹ as well as most of those in the 
two-choice studies just cited, use sequential de- 
pendencies based on Previous stimuli. Such 
tests are virtually Parameter free, require mini- 
mal auxiliary assumptions, and yet provide the 
most direct and powerful tests of the basic 
structural assumptions. In contrast, tests based 
on variances, distribution shapes, and response— 
response dependencies are considerably less sat- 
isfactory in one or more respects. Response— 
response dependencies, in particular, can con- 
tain serious selection artifacts (Anderson, 1959, 
1960). It may be Suggested, therefore, that 
the most efficient progress will be obtained 
through the study of stimulus dependencies with 
simple reinforcement contingencies, 


ANDERSON 
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The present study was undertaken to determine whether affective stimuli 
could act as more potent reinforcers of spontaneous GSR activity than those 
previously employed. Contingent (C) Ss were shown slides of nude females 
taken from a popular magazine each time they produced a spontaneous GSR. 
Noncontingent (NC) Ss were matched on resting GSRs with C Ss and 
received the same number of reinforcers per minute as C Ss except at times 
when no GSRs were present. During conditioning the C group showed a 
substantial increase in frequency of GSRs, while the NC group showed a 
marked decrease. These differences were maintained during an extinction 
period. No differences were obtained for either heart rate or respiration rate 
during conditioning or extinction, although GSR level evidenced Group X 
Time interactions. It was concluded that the strength of a reinforcer is an 
important parameter which must be considered in operant studies of 


autonomic responding. 


In a previous study (Johnson & Schwartz, 
1967) the authors used a reinforcer which 
appeared to be stronger than those used in 
other studies of operant conditioning of 
spontaneous GSR activity. In that study a 
loud tone was used as a negative reinforcer 
and its application resulted in suppression 
of GSR activity in contingent reinforcement 
groups relative to the response rate of 
noncontingent control groups. The suppres- 
Sion of the response was maintained even 
during extinction. This effect appeared 
much stronger than those reported by others 
using positive reinforcers (Kimmel & Kim- 
mel, 1963; Rice, 1966; Shapiro, Crider, & 
Tursky, 1964). The interpretation of the 
difference as due simply to the strength of 
the reinforcer is questionable though, since 
the Johnson and Schwartz study used a 
negative reinforcer and most previous 
studies had used positive reinforcers such 
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as small monetary rewards or a blink of 
light in a dark room. 

The primary aim of this study was to 
determine whether results comparable to 
those of the suppression study could be ob- 
tained using a positive reinforcer which was 
more potent than those previously used. 
While it is somewhat difficult to be assured 
of strong positive reinforcement in the lab- 
oratory situation, it was hypothesized that 
pictures of attractive nude females should be 
more affectively arousing than a blink of 
light or a nickel to the normal college male S. 

Evidence for the strength of such affec- 
tive arousing stimuli in modifying behavior 
can be found in a number of areas. Re- 
ports of classical conditioning using such 
stimuli can be found (Lovibond, 1963). 
Furthermore, the use of affectively arousing 
stimuli has been hypothesized to be im- 
portant in determining the responsiveness 
of psychiatric groups to a wide variety of 
tasks (Lang & Buss, 1965). Affective sets 
have also been seen as important determin- 
ers of physiological responsiveness in the 
investigation of psychosomatic problems 
(Graham, 1962). 

One technique for determining whether 
conditioning is specific to the response sys- 
tem on which contingent reinforcement is 
based is to consider other response systems 
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not differentially reinforced in the situa- 
tion. In order to consider this question, the 
present study, in addition to the manipula- 
tion of the reinforcers, was designed to in- 
vestigate the effect of the reinforcement on 
responses other than the spontaneous GSR. 


METHOD 


Subjects—The Ss were 20 male undergraduates 
(average age 19.6 yr.)- enrolled in summer session 
classes at Cornell University. The Ss were all 
volunteers and were paid for their services as Ss. 

Materials and apparatus—The stimuli used as 
reinforcers in this experiment were 80 black and 
white slides of nude females taken from Playboy 
magazine. The duration of the slides was con- 
trolled by a Hunter timer which operated a shutter 
in front of the lens of a Kodak Carousel projector. 

Heart rate, skin resistance, and respiration were 
continuously recorded during the experiment on a 
Grass Model 5D polygraph. Heart rate was 
recorded from a photoelectric plethysmograph at- 
tached to S’s right ear and displayed through a 
Grass cardiotachometer. Skin resistance was re- 
corded from the second and fourth fingers of the 
right hand using zinc electrodes 8 mm. in diam- 
eter and zinc sulfate paste. Respiration was re- 
corded in the standard manner using a strain gage 
around the chest. 

Procedure.—Upon entering the laboratory, Ss 
were given some very general instructions which 
informed them that they might be seeing some pic- 
tures projected on the screen and that E would be 
recording their physiological reactions. Тһе 
recording leads were then attached and E left the 
experimental chamber. Following this the session 
began. E observed the skin resistance recordings 
for 4 min. and recorded the number of spontaneous 
GSRs occurring during this adaptation period. A 
spontaneous GSR was defined as a change in skin 
resistance of 500 ohms or more which did not occur 
within 6 sec. following any observable event which 
could give rise to a GSR. The following were con- 
sidered relevant events: coughs, sighs, deep breaths, 
gross skeletal movement, outside noises, abrupt in- 
creases or decreases in heart rate as well as the 
onset of the reinforcers themselves. Ss showing 
fewer than two spontaneous GSRs during the 
adaptation period were dropped from the experi- 
ment. After the initial computation of number of 
GSRs, S was assigned to one of two treatment 
groups. This assignment was made on the basis 
of number of responses (+2) and resulted in ap- 
Proximate matching of GSRs between groups. 

€ two treatment groups were à contingent 

) group and a noncontingent (NC) group. The 
Ss were shown a slide of an attractive nude 
female for 3 sec. cach time they were observed 
showing a spontaneous GSR. This procedure was 
continued for 16 min. and constituted the reinforce- 
ment period. Immediately following this there 


were 12 min. of extinction during which Ss re- 
ceived no stimulation. 

The 10 NC Ss were each “yoked” to a C 5 and 
each received the same number of slides per minute 
during the 16 min. of conditioning. The presenta- 
tion of these stimuli never coincided with the ap- 
pearance of a spontaneous GSR. The Ss were thus 
matched on initial response level and each pair 
received the same number of stimulus presenta- 
tions during the conditioning period. Extinction 
for the NC Ss was the same as that for the C Ss. 
Following the experiment all Ss were interviewed 
with a set of standard questions similar to those 
used by Johnson and Schwartz (1967). 

Quantification of the data—The raw data of the 
experiment were of three types: First, the number 
of spontaneous GSRs were counted for each S for 
each 4-min. time segment during the entire experi- 
ment. Second, samples of heart rate and skin 
resistance measures were taken at 15-sec. intervals 
throughout the experiment. Finally, respiration 
was quantified by counting the number of breath- 
ing cycles per minute. This resulted in scores for 
spontaneous GSRs, heart rate level, skin resistance 
level, and respiration rate. 


RESULTS 


Number of spontaneous GSRs.—The 
number of spontaneous GSRs per 4-min. 
time segments of conditioning and extinc- 
tion were transformed using the percentage 
score typical of studies of the operant GSR 
(Fowler & Kimmel, 1962; Johnson & 
Schwartz, 1967). Analyses of variance 
were performed on the percentage transfor- 
mations separately for the conditioning 
period and the extinction period. During 
the conditioning period, there was a signifi- 
cant contingency effect, F (1, 18) = 12.376, 
p<.01. The main effect for time was also 
significant, F (3, 54) = 8.846, р < .001, 
whereas the Contingency X Time interac- 
tion was not. Analysis of variance on the 
raw scores which enabled the adaptation 
period to be included resulted in the addition 
of a significant Contingency X Time interac- 
tion, F (4, 72) = 6.582, р < .001. During 
extinction there was again a significant effect 
for contingency using percentage transfor- 
mations, F (1, 18) = 6.551, р < .05, and 
the other comparisons did not approach 
significance. 

Figure l is a graphic representation of 
the results using the percentage transforma- 
tions. This clearly shows the locus of the 
differences between the C and NC groups. 
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spontaneous GSRs during conditioning and ex- 
tinction. 


The C Ss showed a rather large increase in 
rate while the NC Ss showed little change 
during the first 4 min. of conditioning. 
From that point on, the NC Ss showed a sub- 
stantial decrease until extinction and the C 
Ss showed only a slight decrease below their 
already high level. During extinction, both 
groups of Ss showed an initial iricrease in 
responding and then appeared to begin con- 
verging, but did not reach their resting level 
after the 12 min. of extinction. This dif- 
ference in extinction is more marked in the 
C group and these results are quite similar 
to those observed using the negative rein- 
forcer (Johnson & Schwartz, 1967). 

Heart rate, skin resistance, and respira- 
tion.—The mean heart rate and respiration 
rate data were analyzed during conditioning 
and extinction for the C and NC groups. 
Separate analyses of variance on both re- 
sponses using raw scores and difference 
scores during conditioning and extinction 
yielded all nonsignificant Fs, most being 
less than 1. Failure to find significant time 
effects for the heart rate data is consistent 
with the notion that under the present 
conditions the stimuli were arousing. 


Similar analyses of variance were per- 
formed on the mean skin-resistance-level 
scores which are depicted in Fig. 2. For the 
conditioning period using difference scores 
the only significant F was a main effect for 
time, F (3, 54) = 20.028, р < .001. This 
reflects the sharp drop in skin resistance in 
the first 4 min. of conditioning followed by 
increasing resistance over time. The raw 
score analyses (which included the adapta- 
tion scores) yielded in addition to the above 
a significant Contingency X Time interac- 
tion, F (4, 72) = 7.829, р < .001. During 
extinction, a significant Contingency x Time 
interaction again appeared for the raw 
scores, F (2, 36) = 9.340, p< .001. Dif- 
ference score analyses yielded identical re- 
sults for extinction. 

Postexperimental interview.—Each S re- 
ported that the stimuli were pleasant with an 
average rating of 7.38 on a 10-point scale 
going from very unpleasant to very pleasant. 
The groups did not differ on this dimension, 
nor any other covered in the interview. 
Only two Ss in each group answered yes to 
the question concerning whether they felt 
they were doing something which deter- 
mined when the stimuli were presented. 
Overall, the interview was not effective in 
differentiating the C and NC groups. 
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Fic. 2. Mean skin-resistance-leyel difference 
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Discussion 


These results offer striking evidence for the 
differential effects of contingent vs. noncon- 
tingent positive reinforcement on spontaneous 
GSR activity. Furthermore, the stimuli used 
appear to have acted as potent reinforcers. 
Failure to find evidence for extinction in the 
present study is similar to the results reported 
by Johnson and Schwartz (1967) using an 
aversive stimulus. It is interesting to note that 
the difference even in the last 4 min. of ex- 
tinction between the C and NC groups in the 
present study is larger than the greatest differ- 
ences during conditioning periods observed 
between C and NC groups where positive rein- 
forcement was previously used (Fowler & Kim- 
mel, 1962; Kimmel & Kimmel, 1963; Van 
Twyver & Kimmel, 1966). 

The data from the present study indicate that 
heart rate level and respiration rate were not 
differentially affected by the two schedules of 
reinforcement. This is consistent with the data 
reported by Shapiro, Crider, and Tursky 
(1964) who reinforced spontaneous skin po- 
tential responding. It is important to note that 
Shapiro et al. using nickel rewards found drops 
in heart rate on the order of 11 beats per min- 
ute in both the C and NC groups by the end 
of the first session of conditioning, whereas in 
the present study the differences in heart rate 
were on the order of 2 beats per minute. Fail- 
ure in the present study to find significant heart 
rate adaptation over time attests to the arousing 
properties of the stimuli used under these con- 
ditions. 

The results for skin resistance level in 
the present study were surprising. The only 
data which are even remotely comparable are 
those reported by Shapiro et al. (1964) for 
Skin potential level. Taking into account the 
limitations in comparing across studies, it is 
interesting to note that their curves for skin 
potential level in the first session are strikingly 
Similar in shape to those reported here, includ- 
ing the crossover during extinction. Under 
Certain conditions skin response levels may 
СОуагу to some degree with more intense stim- 
ulation, However, further research is needed 
to determine the reliability of these observa- 
ions, 

Again, postexperimental questioning was not 
effective jn determining what differences, if 
any, Were occurring at a cognitive level as a 
function of contingent vs. noncontingent rein- 
forcement (Johnson & Schwartz, 1967). In 
Order to get at these variables, instructional 


manipulations obtaining verbal reports during 
conditioning and extinction may be required. 
It is possible, however, that knowledge of the 
exact contingencies involved may not be neces- 
sary to obtain the effect (Shapiro & Crider, 
1967). 

In view of the relatively stable activity over 
time for the other autonomic measures, the 
sizable decrease in spontaneous GSRs during 
conditioning for the NC group may at first be 
surprising. Kimmel (1967) has suggested that 
noncontingent reinforcement may have an in- 
strumental effect in its own right. The predic- 
tion would be decreased activity when posi- 
tively reinforced for "not responding." The 
present data, coupled with the results for the 
NC groups using negative reinforcers (Crider, 
Schwartz, & Shapiro, 1967; Johnson & 
Schwartz, 1967), are certainly consistent with 
this view. 

Overall, the present results indicate that 
affective stimuli can act as operant reinforcers 
of an autonomic response, and this effect ap- 
pears specific to the response on which contin- 
gent reinforcement is based. These data have 
obvious implications for the development of 
psychosomatic problems, where increased auto- 
nomic activity may result in part from con- 
tingencies of an affective nature. The import- 
ance of investigating stimulus intensity as re- 
lated to the potency of a reinforcer must be 
stressed. Failure to obtain reliable results 
(Stern, 1967) may result from the fact that 
weak reinforcers are being employed. 
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REPETITION AND THE MEMORY STORES: 


WAYNE H. BARTZ? 


Iowa State University 


Single-store memory theories predict lesser repetition effects with inter- 


polated activity while two-store theories do not. 


The Ss recalled 30 lists 


composed of nine digits; 1 list was presented 10 times, once every third list. 
Five groups of Ss (п = 30) recalled immediately or delayed recall 15 or 30 


sec. with and without interpolated activity, shadowing consonants. 


The 


results showed that interpolated activity reduced the recall of last-presented 
items and had no effect on the rate of learning. Superior repetition effects 


were shown by the delayed recall groups. 


The results were interpreted as 


supporting two-store models of memory and indicating that the learning 


involved a search process. 


. Repetition of the same stimulus materials 
in immediate memory experiments has con- 
Sistently shown that recall increases with 
the number of repetitions. These results 
have been taken as critical to whether mem- 
Ory is a single- or a two-stage process. Hebb 
(1949) described memory as a two-stage 
Process, Information was presumed to ini- 
Наќе an "activity" memory trace in the 
nervous system and then to be transformed 
Into a more permanent state, a "structural 
memory trace. This two-stage process 1s 
similar to contemporary two-store models of 
memory postulating short-term memory 
(STM) and long-term memory (LTM) 
Stores (eg. Atkinson & Shiffrin, 1967; 
Glanzer & Cunitz, 1966; Waugh & Norman, 
1965), However, on the basis of the results 
of a repetition experiment, Hebb (1961) 
later revised his theory to one that hypothe- 
Sized one-stage structural (LTM) effects on 
Опе presentation. Р 
In the Hebb (1961) experiment, Ss im- 
Mediately recalled random arrangements of 
the digits 1-9 which were presented at the 
Tate of 1/sec. Repetition was provided by 
Presenting the third list every third list 
thereafter (1.е., List 3 was presented as List 
6,9... , 24). Hebb had assumed that 
this digit-span task represented the activity 
* Thi: г / in part by United 
Sue МШЕ ШЫ cet шо Grae МЫ 


13192 from the National Institute of Mental 
Health, 
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memory trace. Thus when recall was found 
to improve on the repeated lists (but not on 
the others), it was concluded that every 
input resulted in a structural memory trace 
which was cumulative. An alternative in- 
terpretation, however, is that proposed by 
contemporary two-store theories: Recall rep- 
resents output from both STM and LTM 
stores. That is, it is possible that the first- 
presented items were encoded in a relatively 
permanent state (LTM) while last-presented 
items were held temporarily in an STM 
(activity trace) store. 

Melton (1963) has replicated the Hebb 
(1961) experiment and varied the number of 
filler lists, the number of lists between repe- 
titions. The results showed that as the 
number of filler lists increased, the gains in 
recall decreased. Melton interpreted this 
result as consistent with interference theory 
and a single-stage process, the intervening 
lists acting as a source of retroactive inter- 
ference. From the interference interpreta- 
tion it thus also follows that other inter- 
polated activity would have the same effect : 
irrelevant activity interpolated between pre- 
sentation and recall should reduce the rate of 
learning. However, Glanzer and Cunitz 
(1966) and Postman and Williams (1965) 
have shown that interpolated activity has an 
effect only on the serial position recency 
effect, only on the items last-presented. 
Glanzer and Cunitz hypothesized that inter- 
polated activity had its effects principally 
on STM storage. 

This experiment was conducted to investi- 
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gate the effects of interpolated activity on 
the repetition effect in the Hebb (1961) 
paradigm. Interference theory would pre- 
dict that the rate of learning, the gains in 
recall with repetitions, would be less with 
interpolated activity as compared to re- 
call without the activity. On the other hand, 
a two-store theory would predict the rate of 
learning to be the same under the two condi- 
tions since interpolated activity has its ef- 
fects principally on STM storage. 


METHOD 


In general, this experiment was a replication of 
the Hebb (1961) experiment with groups of Ss 
added which had retention intervals of 15 and 30 
sec. The Ss in these additional groups delayed 
their response or engaged in activity before recall. 

Subjects—The 150 Ss were volunteers enrolled 
in psychology courses at Iowa State University. 
They were randomly assigned to the five groups 
(л = 30) comprising the design. 

Stimulus materials—The memory task was 30 
lists of the digits 1-9 presented in random orders. 
Every third list was identical (ie, Lists 3, 6, 9, 
D 30). The lists were contrived so that no 
digit occupied a given position more than three 
times (except for the repeated list). The digits 
were recorded at the rate of l/sec with the com- 
mand "Repeat" following the last digit by 1 sec. 
An intertrial interval of 15 sec. allowed for S's 
recall. 

This recording was then rerecorded electronically 
(using two tape recorders) four times so that all 
Ss would hear the same lists. The 15- and 30-sec. 
retention intervals were added to two each of the 
tapes at this time. (The “Repeat” command was 
rerecorded at the end of the retention interval.) 

An interpolated task was recorded in the retention 
interval in one each of the 15- and 30-sec. tapes. 
The task was shadowing (repeating aloud as 
heard) random strings of consonants recorded at 
the rate of 1/sec. There were thus five recordings, 
one for each group: (a) Immediate recall (master 
recording), (b) 15-sec. Silent retention interval, 
(c) 30-sec. Silent, (d) 15-sec. Filled, and (e) 30- 
sec. Filled retention interval. 

Instructions—Tape-recorded ^ instructions in- 
formed S of the nature of the task and asked that 
as much as possible be recalled in serial order. 
Instructions for the shadowing task required that 
S repeat aloud the consonants while remembering 
the digits that preceded them. Recall was to 
follow the command "Repeat." А 

Procedure.—All Ss were tested individually in 
small experimental rooms. The E sat behind S 
who was seated facing a blank wall. The S re- 

called the digits aloud and E recorded S’s report 


verbatim on a mimeographed copy of the digits in 
each list. 


Because of the repetition it was decided to test 
all Ss in a short period of time lest the purposes 
of the experiment become known to potential Ss. 
Since the instructions and stimulus materials were 
tape-recorded, it was assumed that E effects would 
be minimal. Thus several graduate student volun- 
teers? assisted in the collection of data by serving 
as Es. All Ss were thus run in one 5-day period. 

Scoring and analysis—The scoring procedure 
used by Schwartz and Bryden (1966) in which 
digits were scored at the beginning and end of a 
trial was employed. The scoring procedure was 
“forward” until the first error and then “backward” 
(matching the last digit recalled with the last one 
presented) until the first error. 

Analysis of the number of digits correctly re- 
called was by means of a Groups X Lists analysis 
of variance. Tests among means were performed 
with the Newman-Keuls procedure (Winer, 1962). 
Filler lists and repeated lists were analyzed sepa- 
rately. In the case of filler lists, the 20 nonrepeated 
lists and the first presentation of the repeated list 
(List 3) were included. The 10 presentations of 
the repeated list were analyzed in a 5 X 10 (Groups 
X Lists) analysis of variance. Serial position ef- 
fects were also analyzed by means of analysis of 
variance. The number of digits correct in each 
position on the 20 nonrepeated lists was analyzed 
by means of a 5X9 (Groups X Serial Position) 
analysis of variance. 


RESULTS 


Filler trials Тһе groups differed in re- 
call on the filler lists, F (4, 145) = 14.18, p 
<.01. Tests among these means showed 
that the Filled groups recalled fewer digits 
than did the other groups. The recall of the 
15- and 30-sec. groups was highly similar 
in this and all analyses; no noticeable effect 
of 30-sec. over 15-sec. intervals was ob- 
served in either condition. For this reason, 
the 15- and 30-sec. groups have been com- 
bined for presentation in figures. Figure 1 
thus presents the mean recall of the three 
recall conditions (Immediate, Silent, and 
Filled) on the filler lists. 

The interaction of groups and lists was in- 
significant (F — 1.15), but the lists main 
effect was significant, F (20, 3200) — 9.13, 
p < .01. In general there was improve- 
ment in recall over the filler lists, a finding 
evident in Fig. 1. This increase in recall 
due to nonspecific learning effects agrees 


3 The author is grateful to Pamela Ananis, James 
R. Craig, Kenneth Hagen, John Moore, Lowell 
Nelson, and William Stock for assisting in the 
collection of data. 
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Fic. 1. Mean digits recalled on filler lists under each recall condition. 


with the results of Melton (1963). The 
correlation of mean recall (all groups) with 
ordinal position in presentation was signifi- 
cant, r= .565. The regression line com- 
puted with this coefficient is shown in Fig. 
l. Of specific interest was the finding that 


PER CENT RECALLED 


the third list (first presentation of the re- 
peated list) was the one most difficult; it 
resulted in the lowest recall of all trials. 
Serial position effects for the filler lists are 
shown in Fig. 2. As in the preceding analy- 
sis, the Filled groups recalled significantly 
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Frc. 2. Serial position effects on fille 


r lists under each recall condition. 
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fewer digits than did the Immediate and 
Silent delay groups, F (4, 145) = 14.07, p 
< .01. The analysis revealed significant dif- 
ferences among the serial positions, F (8, 
1160) = 50.82, р < .01, as is evident in Fig. 
2. The interaction term was significant, F 
(32, 1160) = 11.26, р < .01, and tests were 
conducted on the differences in mean recall 
for the groups at each position. In the first 
two positions, the Immediate recall condition 
showed recall significantly higher than that 
for the Filled condition; the Silent condition 
did not differ from either of the others. 
There were no significant differences among 
groups at Positions 3, 4, and 5. At Positions 
6 and 7 the Silent and Immediate conditions 
did not differ, but their recall was sig- 
nificantly greater than that for the Filled 
condition. At the final two positions, the 
conditions differed significantly from one 
another. As is shown in Fig. 2, the Silent 
condition resulted in the highest recall and 
the Filled condition the lowest. 

Repeated lists—The effect of repetition 
was highly significant, F (9, 1305) — 91.43, 
р < .001. The mean recall for the three re- 
call conditions on the repeated list is shown 
in Fig. 3. The Groups X Repetitions inter- 
action was significant, F (36, 1305) = 275, 


о-о IMMEDIATE 
о—о SILENT 
9—0 FILLED 


MEAN DIGITS RECALLED 


p<.01. In terms of overall recall, the 
Silent groups recalled more than did the 
others, F (4, 145) = 2.62, p < .05. How- 
ever, as Fig. 3 shows, the performance of 
the Immediate recall group was highly simi- 
lar to the Silent condition for the first four 
repetitions but then failed to show a contin- 
ued increase in recall after that point. Filled 
groups showed an increase across all repeti- 
tions although at a nearly constant level 
below the Silent groups. 

Figure 4 shows the serial position effects 
for each of the recall conditions on the first 
presentation of the repeated trial (0) and 
at Repetitions 3, 6, and 9. Inspection of 
these effects tends to show that the re- 
peated list was learned from beginning to 
end. That is, the increase in recall from the 
first presentation to the third repetition was 
greatest in the first four, possibly five, posi- 
tions. The increase in recall from the third 
to the sixth repetition is shown in Fig. 4 to 
be in the last four serial positions. This 
trend is most clearly shown in the Filled 
condition and least in the Immediate recall 
condition. However, the preceding analyses 
showed that gains in recall in the Immediate 
recall condition ceased at about the fourth 
repetition. 
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Fic. 3. Mean digits recalled in each recall condition as a function of repetition 


REPETITION AND THE MEMORY STORES 


FILLED CONDITION 


100. 


PERCENT RECALLED 
e 
© ©, & 


m 
o 


SILENT CONDITION 


37 


IMMEDIATE CONDITION 


ett 
9 p 2 $€4 


SERIAL 


Fic. 4. Serial position effects for Repetitions 


Discussion 


The results of this experiment contraindicate 
the conclusion of Hebb (1961) and of Melton 
(1963) that repetition effects dictate a single- 
Stage memory process. Hebb had assumed 
that the recall of a random string of digits rep- 
resented the activity trace. But when the repe- 
tition of a single string resulted in learning, 
it was concluded that a structural trace was 
formed on a single presentation. The results 
Of this experiment support this conclusion but 
limit the structural trace or long-term effects 
to first-presented items in a string. That is, the 
Presentation of a single trial results in both 
Structural and activity memory traces. Con- 
Sistent with two-store models of memory, activ- 
ity interpolated between presentation and recall 
Was found to interfere principally with last-pre- 
Sented items, with STM storage, and to have 
little effect on first-presented items, LTM stor- 
age (see Fig, 2). Consequently, interpolated 
activity did not retard the rate of learning ofa 
Single list. 

The repetition effect was found to be great- 
€st in the delayed recall (Silent and Filled) 
Conditions; the Immediate recall group showed 
"Ше gain in recall after the fourth repetition 
(of nine). This finding suggests that encoding 
tems in LTM does not guarantee learning but 

at the repetition effect also represents а 
Process of adding repetitions of stimuli to the 
Previous memory of it. This interpretation is 
Consistent with the “latent learning” finding re- 
Ported by Hebb (1961). The Ss in that study 
Were asked if they noticed “anything unusual 

ter the fifth repetition. The result was a 

"TD increase in the recall for the repeated 
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list. It would seem that cueing S to the possi- 
bility of repetition or the time to discover it will 
facilitate the repetition effect. 

The learning mechanism described here may 
well be a search process such as that hypothe- 
sized by Yntema and Trask (1963), a process 
wherein present stimuli are matched against the 
memory of previous lists. When a match is 
found, the new items strengthen that (old) 
memory. This interpretation is supported by 
the results of a study by Schwartz and Bryden 
(1966). This study varied the repeated list by 
replacing the first or last two items with new 
ones. The Ss with the last items replaced and 
a no-change control group showed significant 
gains in recall with repetitions. The Ss with 
the first two items replaced on every repetition 
showed no learning at all; repeated and filler 
lists did not differ. Thus the first few items 
may serve as an “address” in this search 
process. It is worth mentioning, too, that the 
results here showed that the first two items 
were those most firmly established in LTM 
(see Fig. 2 and 4) and that the learning of 
the repeated trial appeared to be from the 
beginning to end. 

The lack of difference between 15- and 30-sec, 
retention intervals might best be explained as a 
case of diminishing returns. That is, shorter 
retention intervals (e.g, 5 sec.) might have 
shown lesser interference effects, but intervals 
longer than 30 sec. would probably not provide 
results different from those reported here. It 
is also possible, consistent with the search hy- 
pothesis above, that shorter retention intervals 
might retard the repetition effect, resulting in 
recall similar to that found under the Immedi- 
ate recall condition. 
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With regard to an interference interpretation 
of repetition effects, the results of this experi- 
ment are not inconsistent. It could be argued 
that these results are a consequence of the 
stimulus materials and response requirements, 
that the results do not necessarily imply a two- 
stage memory process with separate STM and 
LTM storage mechanisms. Specifically, the 
task was one of remembering the serial order 
of digits. And serial order proceeds from the 
beginning to the end of the sequence. Thus it 
could be argued that even if 5 did encode last- 
presented items, they might be essentially use- 
less in terms of learning the order of the entire 
set. There is evidence for this interpretation in 
that the Silent interval groups recalled more 
digits than did the Filled interval groups and the 
difference was chiefly in the last-presented (re- 
cency) items. In the terms of one two-store 
theory, these items could be processed into a 
permanent state during the (silent) retention 
interval (Feigenbaum & Simon, 1962). The 
results of repetition analyses showed that even 
though the Silent groups recalled more digits, 
the rate of learning the repeated list was not 
different from that for the Filled interval 
groups. Studies which require the learning of 
items rather than order, free rather than serial 
recall, might satisfactorily answer this criticism. 
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ITEM LENGTH, ACOUSTIC SIMILARITY, AND NATURAL 


LANGUAGE MEDIATION AS VARIABLES IN 
SHORT-TERM MEMORY? 


JACK A. ADAMS? HOWARD I. THORSHEIM, ann JOHN S. McINTYRE * 


University of Illinois 


Four experiments on short-term retention are reported. Retention is known 
to be an inverse function of number of elements in the item, and Exp. I 
inquired if this finding is a function of the ease with which natural language 
mediators (NLMs) are formed. Acoustic similarity and item length were 
variables in Exp. I. The NLMs functioned as hypothesized, but a con- 
founding with associative strength precluded a theoretical decision about 
the number-of-elements variable. The effects of acoustic similarity were 
essentially absent. Experiments II-IV pursued other aspects of acoustic 
similarity, and the effects of it were small and unsystematic. A need for 


clarifying the role of the acoustic similarity variable is discussed. 


Research on natural language mediators 
(NLMs) in short- and long-term retention 
(Adams, 1967; Adams & McIntyre, 1967; 
Groninger, 1966; Kiess, 1968; Montague, 
Adams, & Kiess, 1966) has shown that 
verbal items are often learned with the aid of 
an idiosyncratic association which the item 
arouses in $, rather than by rote learning. 
A major finding has been that NLMs induce, 
Or are a correlate of, much higher retention 
than rote learning. Melton (1963) has 
hypothesized that retention is a function of 
intraitem interference among units in short- 
term memory (STM), and he supported this 
idea by showing that short-term retention 
decreases as the number of consonants in an 
item increases. Experiment I tested the 
alternative hypothesis (Adams, 1967, p. 
133) that as item length increases, the ease 
of NLM formation decreases, more items 
are learned by rote, and retention decreases 
аз а result. The thrust of Exp. I was short- 
term retention of two, three, and four conso- 
nants as a function of rote and mediated 
earning. Acoustic similarity among the ele- 
ments of an item is a variable for intraitem 
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interference in STM (Adams, 1967, Ch. 5), 
and it was another variable in Exp. I. 
Melton’s hypothesis is one of intraitem inter- 
ference, and the presence of acoustic simi- 
larity should be a stronger test of the 
hypothesis. Experiments II, III, and IV 
followed up implications of Exp. I. 


EXPERIMENT І 
Method 


General procedures for all groups.—With elabo- 
ration, the essentials of the usual STM experiment 
were used, where on a trial an item is presented for 
study and learning, followed by a brief retention 
interval occupied with a filler activity to prevent 
rehearsal, and then recall. The Carousel projector 
was used to present stimuli, with a paper tape 
reader used to control the timing of the slides. The 
beginning of a trial was a slide saying "Ready" 
which appeared for 2 sec. and was followed by the 
item to be learned and remembered. The item as a 
whole was displayed for 4 sec. (3 sec. slide "on," 
1 sec. between removal of the item slide and the 
next slide). The use of interslide time as part of 
the item presentation time was a technique em- 
ployed by Kiess (1968) and was based on research 
by Bugelski (1962), who found that Ss used what- 
ever time available to them for rote practice or 
NLM formation. If S had an NLM while the 
item was showing, he was to report it to E. 
Previous research (e.g, Adams & Montague, 1967; 
Groninger, 1966) which recorded NLMs after 
learning and recall was completed is subject to 
the criticism that NLMs are epiphenomenal and 
occur to S after the associative act has been com- 
pleted by rote learning. This criticism is reduced 
when the NLM is recorded while the learning is 
actually taking place. The E checked the presence 
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of an NLM or rote learning on his data sheet; the 
NLM was not recorded verbatim. Any association 
was allowed, including attempts to pronounce the 
item. The instructions said nothing about pro- 
nouncing an item, but when it spontaneously oc- 
curred in S’s effort to find a mediator, it was 
counted as an NLM. Pronunciation has been in- 
terpreted as a form of encoding (Lindley, 1966). 

The retention interval began immediately with 
the next slide, and if it was longer than zero, this 
slide contained rows of random digits which S was 
required to read aloud as fast as possible until 
given the signal for recall (an asterisk). If the 
retention interval was zero, the next slide was the 
asterisk. The asterisk remained showing for 10 
sec. during which time S attempted his response in 
writing. The slide following the asterisk said “Re- 
call Aid,” and if S had an NLM in acquisition, he 
was to report his recollection of it to E in the 10 
sec. that the slide was showing. The 10-sec. period 
for recall of the NLM completed the trial and was 
immediately followed by the Ready slide for the 
next trial. 

The instructions informed about rote and medi- 
ated learning, in addition to discussing general pro- 
cedures of the task. It was stated that NLMs 
usually occur for only some items, and when they 
occurred the authors wanted S to conscientiously 
report them. Two neutral practice items were part 
of the instructions, and E demonstrated a typical 
NLM for each of them. 

Experimental design—A_ between-groups vari- 
able was high acoustic similarity (HAS) and low 
acoustic similarity (LAS) of items. Within each 
of these levels of similarity were three subgroups 
of 50 Ss each, where each group had either conso- 
nant bigrams, trigrams, or tetragrams as their 
materials. As within-groups variables, each 5 was 
given 25 trials, with 5 trials at each of the follow- 
ing retention intervals: 0, 5, 10, 15, and 30 sec. 
Each trial was a different item. The 50 Ss in a 
group were divided into five equal subgroups, and 
within each block of 5 trials each of the 5 items 
assigned to that block appeared in each trial posi- 
tion and each retention interval twice for the 10 
Ss of a subgroup. 

Materials.—The 
defined by the t. 
Conrad (1964). 


LAS and HAS materials were 
able of auditory confusions given in 
г Тһе LAS materials were sets of 
igrams, trigrams, or tetragrams chosen so that 
the letters of an item had a minimum chance of 
acoustic interference, Similarly, the HAS items 
were chosen for high auditory confusion. No two 
items of a class had the same letters in a re- 


arranged order as is often done; it i 
at least one letter. РИ 


The probability of acoustic ci 
can be computed from Conrad’ 
sider the bigram BP. The 


the response when P is the stimulus. The average 
probability of confusion error for BP is .109. 
These average error probabilities were computed 
for each consonant combination and the overall 
mean probability for the 25 items of a series is 
given in Table 1. Also given in Table 1 is the 
mean frequency of occurrence for the various letter 
combinations in a random sample of 20,000 words 
(Mayzner & Tresselt, 1965; Mayzner, Tresselt, & 
Wolin, 1965a, 1965b). In general, the probability 
of acoustic confusions is about 10 times greater for 
the HAS materials. The average frequency of 
occurrence of the consonant combinations is very 
low and near zero in all cases. 

The digits that were the filler activity for the 
retention interval were 0-9 and were randomly 
arranged. Each of the items, except those with a 
0-ѕес. retention interval, had a different slide of 
random digits, but the same digit slides were used 
for all groups so that the effects of digit naming on 
retention would be the same. 

Subjects—The 300 Ss were of both sexes. 
They were university students in an introductory 
psychology course who participated as part of the 
course requirement. They were randomly assigned 
to groups. 


Results 


Because an interest was the effect on recall 
of an NLM formed in acquisition and pre- 
sumably part of the associative process, 
3.7% of the 7,500 item presentations were 
dropped from any analysis involving media- 
tion as a variable because they were rote in 
acquisition and had an NLM at recall. The 
scoring of an item was in terms of correct or 
incorrect and the presence or absence of an 
NLM at acquisition and at recall. The cri- 
terion of correctness was all letters in their 
correct positions. 

Table 2 gives the percentage of items 
mediated in acquisition for Exp. I and, be- 
cause the NLMs are S-generated, Table 2 
also gives the number of NLMs on which 
each percentage was based. The difficulty of 


TABLE 1 
DESCRIPTIVE CHARACTERISTICS OF ITEMS IN Exp. I 


Mean frequency of 


M bility of 
ean probability o! occurrence in 


acoustic error 


iau 20,000 words 
LAS HAS LAS HAS 

Bigram .010 114 .92 .84 
Trigram .012 .116 2.16 .00 
etragram .015 113 .00 .00 


» 
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TABLE 2 
PERCENTAGE OF ITEMS MEDIATED IN Exp. I, П, AND IV, WHETHER ITEM Was CORRECT OR INCORRECT 


Item length (Exp. I) 


Digit similarity (Exp. I) Presentation mode (Exp. IV) 


Item 
simi- 
larity ө * 
Bigram Trigram Tetragram LAS HAS Sequential Simultaneous 
LAS 67 62 52 45 52 30 50 
(820/1,219) | (745/1,200) | (623/1,190) | (541/1,215) | (644/1,229) | (362/1,200) (603/1,200) 
HAS 72 58 45 H 52 39 51 
(866/1,208) | (692/1,193) | (543/1,205) | (526/1,206) | (628/1,212) | (469/1,200) | (618/1,200) 


,,.. Note.—The percentage is based on the ratio given (in parentheses), which is number of mediated items over total number of 
items (mediated plus rote) for all retention intervals combined. The denominator of the ratio would be 1,250 in Exp. I and II 
except that items were dropped for being rote in acquisition and having an NLM at recall. 


forming an NLM increases as item length 
increases. Using percentage of NLMs for 
an S as the measure, ignoring retention 
interval as a classification, item length within 
the LAS or HAS treatment was significant 
(р < 01), and the LAS vs. HAS com- 
parison for a particular item length lacked 
significance at the .05 level. 

Recall of the NLM used in acquisition is 
positively related to recall of the item in 
long-term memory (Adams & McIntyre, 
1967; Montague et al, 1966), and NLM 
recall in this study was similarly examined 
for its role in STM. Almost all NLMs re- 
Dorted in acquisition were recalled in their 
original form, with only 2.896 of the medi- 
ated items being materially changed or for- 
gotten completely. Kiess (1968) reported 
the same finding for STM. 

The topmost plot in Fig. 1 shows overall 
Percentage correct, using all items. Using 
frequency correct for the five items of a 
given retention interval as the score for S. 
analysis of variance for the three LAS 
Sroups found item length, retention interval, 
and the Item Length x Retention Interval 
interaction all significant beyond the .001 
level. The same tests for the HAS groups 
had the same outcome. Separate analysis of 
Variance tests for bigrams, trigrams, and 
tetragrams comparing LAS and HAS ef- 
ects found F <1 for bigrams and tetra- 
Srams, but trigrams had poorer performance 
for the HAS items (01 < p € 05). . 

he two lower sets of curves in Fig. 1 
Show the percentage correct as a function of 
Пе rote and mediated classifications for the 
ieu Sroups. An item was considered medi- 
*ted if it had an NLM in acquisition regard- 


less of whether the NLM was remembered 
or forgotten at recall. For statistical testing 
the retention intervals were ignored and 
the scores for S were percentage correct for 
mediated items and percentage correct for 
rote items, with the restriction that S had 
to have five or more mediated and five or 
more rote items to be retained for the 
analysis. For the three LAS groups, analy- 


NLMs ond Rotes Combined 


* Bigroms 
* Trigroms 
^ Tetragrams 
LAS 
--- HAS 


* Bigroms 
* Trigrams 


PERCENT CORRECT 


* Bigroms 
* Trigrams 
^ Tetrograms 
— NLM 
——- Rote 


RETENTION INTERVAL (sec) 


Fic. 1. Retention curves for Exp. I. 
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sis of variance found that NLM items had 
a significantly higher performance level than 
rote items (р < .001). The same result was 
obtained for the HAS groups. 


EXPERIMENT II 


The full ramifications of Exp. I are best 
discussed along with the implications of the 
other experiments, so let it suffice at this 
point to say that a puzzling feature of Exp. I 
was the little or no effect of acoustic similar- 
ity. Acoustic similarity has been found 
to be variable for STM in a number of 
experiments and it is playing a strong role 
in modern memory theory (Adams, 1967, 
Ch. 3 and 5), so the failure of it to operate 
in the expected way is cause for thoughtful 
pause. At this point in the research program 
it seemed theoretically more valuable to pur- 
sue acoustic similarity than Melton’s (1963) 
hypothesis. 

Experiments which are prominently iden- 
tified with positive evidence for acoustic 
interference in STM (Baddeley, 1964, 1966; 
Cimbalo & Laughery, 1967; Conrad, 1964; 
Conrad, Baddeley, & Hull, 1966; Conrad, 
Freeman, & Hull, 1965; Conrad & Hull, 
1964; Wickelgren, 1965a, 1965b) have three 
salient characteristics: (а) immediate recall, 
(b) sequential presentation of the elements 
of an item, and (c) rapid rate of presenta- 
tion, usually .50 or .75 sec, per element. De- 
parture from the usual emphasis on immedi- 
ate recall suggested that events in the longer 
intervals of 5-30 sec. might be responsible 
for the present negative findings. A plausi- 
ble hypothesis was that the acoustic simi- 
larity of the digits interpolated in the longer 
intervals could be the factor which negated 
the intraitem acoustic interference. Wickel- 
gren (1965a) demonstrated that acoustically 
similar digits interfere with letters just as 
acoustically similar letters do, and it was 
possible that the random digits, many in 
number relative to the letters of an item 
could have exerted а general acoustic influ. 
ence that washed out the effects of intraitem 
acoustic similarity. Experiment II tested 
this hypothesis by manipulating the acous- 
tic similarity between the digits and the 
items. 


Method 


The procedures and instructions were the same 
as in Exp. I. There were four groups that made 
all combinations of low and high acoustic similarity 
of items and low and high acoustic similarity of 
digits. Only tetragrams were used, and they were 
the same LAS and HAS tetragrams used in Exp. 
I. Wickelgren (1965a) has specified digits that 
have sounds in common with letters, and these were 
used to specify LAS and HAS digits. For the 
LAS digit condition, all digits without sounds in 
common with the four letters of an item were 
randomly arranged on the slide for S to read 
in the retention interval. For the HAS digit 
condition, only digits that had sounds in common 
with the letters were used. There were 50 Ss in a 
group, drawn from the same population as used 
in Exp. I. 


Results 


The scoring was the same as used in Exp. 
I. Of the 5,000 item presentations, 2.896 
were deleted from all analyses involving 
mediation because they were rote in acquisi- 
tion and had an NLM at recall. 

Table 2 gives the percentage of items 
mediated in acquisition for Exp. II. The 
level of mediation was about the same for all 
conditions. Using percentage of NLMs for 
an S as the measure, ignoring retention in- 
terval, statistical tests found no reliable dif- 
ferences between the two levels of digit simi- 
larity within a level of item similarity or 
between the two levels of item similarity for 
a given level of digit similarity. As with 
Exp. I, the forgetting of NLMs from 
acquisition to recall involved too few items 
for effective analysis (5.7% of the mediated 
items), although more forgetting occurred 
than in Exp, I. 

The upper plot in Fig. 2 shows percentage 
correct based on all items, and the effects of 
item and digit similarity on retention are 
seen to be small. Using frequency correct 
for the five items of a retention interval as 
the score for S, a three-way analysis of vari- 
ance with item and digit similarity as be- 
tween-Ss variables and retention intervals as 
a within-Ss variable bore out the evident 
trends in Fig. 1. Both item similarity and 
digit similarity lacked significance at the 
05 level, but retention interval was sig- 
nificant (5 < 001). 


€ two lower plots in Fig. 2 give the 
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NLMs and Rotes Combined 


100 
* LAS Digits 
^ HAS Digits 
— LAS Items] 
==- HAS Items 
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Fic. 2. Retention curves for Exp. П. 


МІ. М-гоѓе breakdown, and the large separa- 
tion between mediated and rote items found 
in Exp, I is also present here. Statistical 
testing was performed on percentage correct 
for mediated and rote items. The scores 
Used were the same as in Exp. I and required 
five or more mediated and five or more rote 
items for S to be included in the analysis. 
The mediated-rote comparisons were signifi- 
cant (p « .001) but item and digit similarity 
Were not. 


ExPERIMENT III 


Experiment II gave no clues about the 
failure of acoustic similarity to have an 
effect in Exp. I, and this matter was probed 
again in Exp. III. At this point in the pro- 
Sram the authors became skeptical of acous- 
Че interference in STM, and so in Exp. HI 
№ was asked if the standard procedures of 
mediate recall, sequential presentation, 
and fast rate that have produced acoustic in- 


terference in other experiments would show 
it when used with the present LAS and 
HAS items. 


Method 


The apparatus was the variable interval (VI) 
memory drum which uses a paper tape reader to 
control presentation time. Rather than the repeti- 
tive presentation time of the commercial drum, the 
VI drum can have successive time intervals in any 
combination, with the minimum interval being .5 
sec. 

Two groups were used, an LAS group (N — 22), 
which used the 25 LAS tetragrams of Exp. I and 
II, and an HAS group (N —21), which used the 
25 HAS tetragrams. Following the word Ready 
for 3 sec, the four letters of the item were pre- 
sented at the rate of one per .5 sec, and S was 
required to study them silently. Recall was im- 
mediate, in writing, and signaled by an asterisk. 
Ten seconds were allowed for recall before the 
next Ready cue. A group had four random orders 
of the items, and Ss were randomly assigned to 
orders. Three neutral tetragrams were given as 
practice, and they were the same for both groups. 
Because this experiment was an attempt to replicate 
the findings of other experiments, no NLMs were 
elicited. 

Men and women undergraduates were used as 
Ss, and they were randomly assigned to groups. 
They were paid for their participation. 


Results 


Items were scored as correct or incorrect. 
The mean number correct was 23.6 for the 
LAS group and 19.6 for the HAS group. 
A t test of the mean difference was signifi- 
cant (p<.001). The HAS items had 
poorer retention than LAS items, just as 
others have found, and this effect is clear-cut 
with sequential presentation, fast rate, and 
an immediate retention test. 


EXPERIMENT IV 


Experiment IV followed the lead that 
mode of presentation was fundamental for 
acoustic interference. The acoustic effect 
was found in Exp. III where sequential pre- 
sentation was used and was mainly absent in 
Exp. I and II where all elements of the item 
were presented simultaneously. 


Method 


The experimental design had four groups, with 
two levels of acoustic similarity and two modes of 
presentation as between-Ss variables and retention 
interval as a within-Ss variable. Tetragrams of 
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low and high acoustic similarity from Exp. I-III 
were used, and the VI memory drum was used to 
present an item simultaneously or sequentially. 
With the simultaneous mode the tetragram as a 
whole was presented for 2 sec. in acquisition, and 
with the sequential mode each letter of the tetra- 
gram was presented separately and sequentially for 
5 sec, making a total time of 2 sec. As before, 
retention intervals were 0, 5, 10, 15, and 30 sec., 
with the intervals longer than 0 sec. again filled 
with random digits to read aloud as fast as 
possible. Fifteen digits on a line could appear 
in the drum’s window at a time, and a line changed 
every 3 sec. Since S would be required to read 
more than 5 digits per second to finish a line before 
the next line appeared, and since Ss do not read 
much faster than 3 digits per second, it was guar- 
anteed that S would not finish the 15 digits and 
have empty time within which to rehearse the item. 

The sequence was the word Ready for 2 sec., the 
item for 2 sec., retention interval of 0-30 ѕес., an 
asterisk for 10 sec. to signal recall in writing, and 
the words Recall Aid for 10 sec. as a signal for 
S to report his NLM if he had one. Experiments 
I and II recorded NLMs at both acquisition and 
recall because an interest was the forgetting of 
NLMs over the retention interval. Here in Exp. 
IV the NLM was recorded only at recall and for 
two reasons: (a) The forgetting of NLMs was 
negligible in Exp. I and II so the original con- 
cern about recall and NLM forgetting was no 
longer of interest; and (b) NLM reporting may 
be damaging to input of the letters in the fast- 
changing sequential task. It has been said that 
post-NLM recording is more difficult to interpret 
as an associative device for original learning be- 
cause S could conceivably learn by rote and 
find his NLM after recall (Adams & Montague, 
1967). However, this fear is ungrounded in the 
STM paradigm because only a small number of 
items in Exp. I and II were rote in acquisition 
and had an NLM at recall. 

The lists of 25 LAS and 25 HAS tetragrams 
each had four random sequences of items, to which 
Ss were randomly and equally assigned. The five 
retention intervals were randomly assigned to 
blocks of five items within a sequence, with the 
restriction that the same interval did not occur in 
succession, e.g. 5 sec. was not the last interval of 
one block and the first interval of the next. The 
random digits were different for each item of a 
sequence when retention intervals were greater 
than zero, but the same digits were used for each 
sequence so that their effects would be the same 
from sequence to sequence. 

"The instructions were the same as for Exp. I and 
II except for the changes that sequential presenta- 
tion and postrecall NLM reporting required. Two 
practice trials were given with neutral items and 
were the same for all groups. 

There were 48 men and women undergraduates 
assigned randomly to each group. They were paid 
for their participation. 


Results 


The scoring was the same as that used in 
Exp. І and II. A few items were dropped 
from some of the analyses of Exp. I and II 
because they were rote in acquisition and 
mediated at recall, but in Exp. IV no items 
were deleted because the NLMs were re- 
corded at recall only and they were rote or 
mediated without uncertainty. 

Table 2 shows the percentage of items 
mediated in Exp. IV. Using percentage of 
NLMs as the measure, ignoring retention in- 
terval as a classification, a 2 Х 2 analysis of 
variance of the LAS-HAS and sequential- 
simultaneous variables established simul- 
taneous-sequential as significant (р < .001), 
with the simultaneous mode producing the 
most mediators. The LAS-HAS variable 
lacked significance. 

The topmost plot in Fig. 3 shows per- 
centage correct based on all items, and the 
salient trends are the usual rapid forgetting 
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Fic. 3. Retention curves for Exp. IV. 
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over the retention interval, better retention 
for the simultaneous than the sequential 
mode, and a minor effect of acoustic simi- 
larity. Using frequency correct for the five 
items of a retention interval as the mea- 
sure, a three-way analysis of variance with 
LAS-HAS and simultaneous-sequential as 
between-groups variables and retention in- 
terval as a within-groups variable found 
Simultaneous-sequential significant (p< 
.001), as well as retention interval (№ < 
001). The LAS-HAS variable lacked sig- 
nificance, but the LAS-HAS x Retention 
Interval interaction was significant (р < 
01). Because of the significant interaction, 
a Scheffé test for multiple comparisons was 
run for the four groups at each retention in- 
terval, At the O-sec. interval the HAS se- 
quential group had significantly poorer per- 
formance (p < .05) than the other three 
groups, but the other three groups were not 
significantly different from each other. This 
decrement for the HAS sequential group is 
consistent with Exp. III and the other 
studies in the literature which so commonly 
use immediate recall and sequential presenta- 
tion to produce acoustic interference. At 
intervals of 5-30 sec. the LAS and HAS 
sequential groups did not differ significantly 
for any of the tests, which is contrary to 
Posner and Konick (1966). The LAS and 
HAS simultaneous groups were not signifi- 
cantly different at the 0- and 5-sec. intervals, 
but the HAS materials produced signifi- 
cantly poorer performance (p < .05) for the 
10-30 sec. intervals. . 

The two lower plots in Fig. 3 give the 
retention functions for the mediated and rote 
items, and once again NLMs produced some 
immunity to forgetting processes. Statistical 
tests found mediated performance signifi- 
Cantly better than rote. 

. For mediated items the simultaneous mode 
15 clearly superior to sequential for both 
LAS and HAS materials, but rote items fol- 
low a different pattern. The simultaneous 
mode produces a substantially higher level of 
Performance than the sequential mode for 
-AS rote items, but this difference 15 essen- 
tially absent for HAS rote items. The re- 
tention for rote sequential items is vety low 
for both LAS and HAS materials, with 


less than 10% correct at the 5-sec. interval 
and beyond. 


Discussion 


Hypothesis of intraitem | interference.—The 
overall percentage correct measure in Exp. I, 
ignoring NLM-rote classification of the re- 
sponses (see top plot, Fig. 1), shows that for- 
getting increases as item length increases, 
which replicates the finding that Melton (1963) 
used to support his hypothesis. The counter- 
hypothesis that NLMs account for the reten- 
tion functions has support, however. The num- 
ber of NLMs decreased as item length increased 
(see Table 2), and since NLMs benefit reten- 
tion (see two lower plots, Fig. 1, and as pre- 
vious research also found), the order of 
retention functions for overall percentage cor- 
rect is partly determined by NLMs. Unfor- 
tunately both the present Exp. I and Melton 
used one presentation time for all item lengths 
and thereby confounded item length and asso- 
ciative strength. If 5 learned by rote, the 
shorter items would have more associative 
strength than longer items because they could 
be covertly repeated more times. If the 
strategy was mediation, there is cause to be- 
lieve that S has stronger NLMs for short 
items in addition to a greater number of NLMs. 
Kiess (1968) has shown that items which pro- 
duce a higher frequency of NLM occurrence 
have NLMs which occur more rapidly, so 
there are the expectations for shorter items that 
NLMs would occur sooner, rehearsal time for 
the item-NLM complex would be longer, and 
associative strength should be greater. The 
authors were aware of this confounding in the 
beginning and did not know how to solve it, 
but they did not feel that lack of a solution 
should keep them from testing Melton’s hy- 
pothesis insofar as NLMs are concerned. 
A solution to Melton’s hypothesis must be 
deferred until a method is found for measuring 
the associative strength of rote items of differ- 
ent lengths and of mediated items (Adams, 
1967, pp. 139-143). 

Acoustic interference —The best that can be 
said of the present findings for acoustic similar- 
ity is that it clouds (not disproves) the gener- 
alization that is heard with increasing regular- 
ity that verbal STM is an acotustic-based 
center whose forgetting is a function of inter- 
fering events which sound like the item being 
remembered. Acoustic interference did occur 
in the present experiments, but a clear generali- 
zation about the conditions of its occurrence 
was not evident. In Exp. I and II, where the 
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mode of presentation was simultaneous for 4 
sec., only trigrams in Exp. I showed a small 
interference effect, and Exp. II had no acous- 
tic interference effect at all. Experiments III 
and IV, however, found the usual interference 
at the 0-ѕес. interval when sequential presenta- 
tion was used at a .5-sec. rate and at intervals of 
10-30 sec. when simultaneous presentation was 
used at a 2-sec. rate. This is a seemingly 
patternless set of findings. If the design had 
been restricted to sequential presentation and 
immediate recall as others usually have been, 
the decrement for HAS materials would have 
appeared as expected (Exp. III and IV), and 
confidence in the importance of acoustic simi- 
larity for STM would have been unassailed. 
But the authors had the conviction that a vari- 
able to be important should apply wherever 
STM is presumed to operate unless other vari- 
ables negate its effects. For this reason acous- 
tic similarity was pushed into interplay with 
simultaneous mode and nonzero retention inter- 
vals. When this was done, there was the possi- 
bility for the simultaneous mode that NLMs 
could undo acoustic interference because encod- 
ing could recast the elements into a nonacoustic 
form. With the simultaneous mode it should 
be easier to apprehend the item as a whole and 
obtain an association for it, as indeed it was 
in Exp. IV where more NLMs were found for 
the simultaneous than the sequential mode. 
Nevertheless, the greater number of NLMs for 
the simultaneous mode did not wholly under- 
mine acoustic interference because decrement 
was found for it under some conditions in 
Exp. IV. In fact, generally throughout the 
present experiments, acoustic interference was 
not found to be weak or absent for mediated 
items and strong for rote items. Acoustic in- 
terference occurred unsystematically, and scien- 
tifically this means variables and interactions 
which remain to be understood. 
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SUBJECT UNCERTAINTY AND WORD-CLASS EFFECTS 
IN SHORT-TERM MEMORY FOR SENTENCES * 


EDWIN MARTIN ? Ax» DONALD A. WALTER 


University 


The effect of memory-capacity release, 


of Michigan 


determined by whether sentence 


subjects were low-uncertainty pronouns or high-uncertainty animate nouns, 


on sentence recall was studied at three retention intervals 
Verbatim recall of pronoun sentences was 


in the Peterson STM situation. 


markedly superior to that for noun 
striking word-class forgetting effects, 


(0, 10, 30 sec.) 


sentences; but although there were 
the proportion distribution of these 


effects was little affected either by subject uncertainty or by retention 
interval. The identity of word-class effects over retention intervals indicates 


selective processing at the 


time of input. 


Error pattern evidence is offered 


for the hypothesis that recall is a constructive process. 


Previous research has given ample evi- 
dence to the effect that in processing ѕеп- 
tences through short-term memory (STM), 
the several word classes are not treated alike. 
For example, Martin, Roberts, and Collins 
(1968) have shown that in the Peterson 
STM situation (Peterson & Peterson, 1959), 
where verbatim recall of a sentence was 
tested after either 0, 10, 20, or 40 sec., ad- 
verbs had a very steep forgetting function ; 
nouns, a very shallow function. Such results 
as these affirm the general notion that STM 
is of limited capacity and suggest further that 
this limited capability distributes itself selec- 
tively over an incoming string when that 
String is grammatically structured. The con- 
cern of the present research was at least 
partial delineation of this selectivity. To this 
end, the following two experimental factors 
were varied orthogonally in an aural STM 
situation : 

1. Three different phrase structures were 
employed. In otherwise identical sentence 
frames, one structure contained two adjec- 
tives; another, one adverb and one adjective ; 
and the third, two adverbs. According to a 


1This research was supported by the Advanced 
Research Projects Agency, Department of Defense, 
monitored by the Air Force Office of Scientific Re- 
search, under Contract AF 49(638)-1736 with the 
i niversity of Michigan, Human Performance Cen- 
er, Department of Psychology. у 

2 Requests for reprints should be sent to ык 
Martin, Department of Psychology, Human er- 
Ormance Center, University of Michigan, 
Packard Road, Ann Arbor, Michigan 48104. 


measure used previously by Martin and 
Roberts (1966), developed from an analysis 
by Yngve (1960), the resulting three phrase 
structures differed in grammatical complex- 
ity having mean depths of 1.00, 1.29, and 
1.86, respectively. Because earlier work has 
shown that word-class lability centers on 
modifiers, systematic variation of modifier 
involvement may well cause systematic re- 
distribution of word-class stability and labil- 
ity in the STM situation. 

2. Two different classes of sentence sub- 
jects were used. (In all cases, the subject 
was the initial word of the to-be-remembered 
seven-word sentences.) It seems entirely 
reasonable to assume that less uncertainty 
attaches to pronouns than to animate nouns. 
Indeed, Treisman (1965) has shown that in 
the written situation, using the cloze pro- 
cedure, nouns are less predictable in context 
(3.96 bits of uncertainty) than are pro- 
nouns (1.19 bits). Given this assumption 
plus the hypothesis of insufficient STM 
capacity for verbatim recall (even at a 0-ѕес. 
retention interval in experimental situations ; 
see Martin et al., 1968), it follows that a 
sentence with a pronoun subject should place 
less demand on the processing system as à 
whole than one with a noun subject. The 
question, then, is does this reduced uncer- 
tainty in fact release part of the STM ca- 
pacity ; and if so, how does STM distribute 
the capacity so released over the various ele- 
ments of the sentence? Selectively or uni- 
formly ? And if selectively, in what fashion? 
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METHOD 


Design—Each S attempted to recall verbatim 36 
different sentences in the Peterson STM situation. 
Half of these 36 sentences began with a pronoun 
subject, half with a noun subject. Of the 18 sen- 
tences of each type, 6 were assigned to each of the 
following three retention intervals: 0, 10, and 30 
sec. Thus retention interval and subject type were 
varied within Ss. This design was exercised three 
times, on different groups of Ss, at each of three 
levels of sentence mean depth (modifier involve- 
ment): 1.00 (two adjectives), 1.29 (one adverb, 
one adjective), and 1.86 (two adverbs). 

Materials—Thirty-six triads of seven-word ac- 
tive-affirmative sentences were constructed, or 108 
sentences in all. The sentences within a triad were 
variations in grammatical complexity, but on the 
same semantic theme. The three word-class se- 
quences used are shown in Table 1. In all 
sentences, the subject (Subj) was in the initial 
position and the auxiliary verb (Aux), was or 
were, was in the second position. Also for every 
sentence, the article the (T) preceded the object 
phrase. Further, each of the 108 sentences oc- 
curred in two versions, once with an animate noun 
as subject, once with a pronoun as subject. The 
following three sentences comprise 1 of the 36 sets: 
"Parents (They) were assisting the advanced teen- 
age pupils." "Parents (They) were barely assist- 
ing the teenage pupils." "Parents (They) were 
barely assisting the pupils enough." These sen- 
tences are of mean depths 1.00, 1.29, and 1.86, 
respectively. Note that it is the differential inci- 
dence of adverbs and adjectives within a set that 
determines the several mean depth values. 

The semantic content located in subjects, main 
verbs, objects, and the various modifiers (adverbs, 
adjectives) was unrelated from one triad of sen- 
tences to another, except for balanced repetition of 
the pronouns. The six pronouns he, she, it, we, 
they, and you occurred three times each as subjects 
at each retention interval within a given S’s experi- 
mental session. Note that because mean depth was 
a between-Ss factor, the 36 sentences presented to 
a given S were therefore semantically unrelated 
(except for the three occurrences of each of the 
six pronouns). 

To each sentence presented for recall, a three- 
digit number was assigned. In presentation, this 
number succeeded the sentence immediately. It 
was from this number that S counted backward un- 
til recall was signaled at the end of the retention 
interval. 

In preparing the 36 sentence sequences for indi- 
vidual Ss, the following conditions were satisfied: 
The 18 sentences that had nouns (pronouns) as 
subjects for half of the Ss had pronouns (nouns) as 
subjects for the other half. Each sentence occurred 
at each retention interval equally often over Ss. 


3 Other abbreviations used (see Table 1): MV = 
main verb; Adv=adverb; Adj = adjective; Obj 
= object. 


TABLE 1 
Worp-Crass SEQUENCES 


Mean depth 


No. 
1.00 1.29 1.86 
Subj Subj Subj 1 
Aux Aux Aux 2 
MV Adv, Advi 3 
T MV MV 4 
Adj T T 3 
Adj: Adj: Obj 6 
Obj Obj Advs 7 


? These numbers index the horizontal axis of Fig. 1. 


The occurrences of noun and pronoun subjects and 
of the three retention intervals were distributed 
evenly over the 36-event experimental session. 

Subjects—The Ss were 60 University of Michi- 
gan sophomore and junior females who volunteered 
for paid ($1.25) participation. Of the 60, 20 were 
randomly assigned to each of the three levels of 
the between-Ss factor, mean depth. 

Procedure.—Each S was tested individually. He 
was scated in a chair facing away from E, who sat 
at a work table behind him. After the instructions 
were read, E presented the 36 sentences singly by 
reading them in an ordinary, conversational tone 
of voice. On hearing the appended three-digit 
number, S began counting backward by 1s as fast 
and as accurately as he could. At the end of the 
retention interval, E sounded a buzzer and S at- 
tempted a verbatim recall of the presented sentence. 
In the case of the 0-ѕес. retention interval, E 
sounded the buzzer immediately after saying the 
three-digit number. The S’s responses, as well as 
E's presentations, were recorded on tape and tran- 
scribed later. 

The 10- and 30-sec. retention intervals were 
timed by a stopwatch, which was started simultane- 
ously with E's saying of the third digit of the three- 
digit number. The time between 55 recall and 
presentation of the next sentence by E was approxi- 
mately 10 sec. 


RrsurTS 


Correct recalls.—A recall was considered 
correct if and only if it was a verbatim 
replication of the presented sentence. For 
this performance measure, synonym substi- 
tutions were taken as memory failures and 
hence considered errors. In the top row of 
Table 2 are shown the number of recall 
events that were completely correct for each 
of the 18 combinations of subject type, mean 


depth, and retention interval. Because for 


* As an incentive toward accurate, rapid count- 


ing, S was paid 0 of a cent for each number cor- 
rectly counted. 
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each of the experimental combinations there 
were six sentences and 20 Ss, the maximum 
possible score was 120. According to analy- 
sis of variance, only subject type and reten- 
tion interval had significant effects, F (2, 
114) = 139.11, р < .001; and F (1, 57) = 
48.09, р < .001, respectively. All other ef- 
fects, including interactions, yielded Fs in 
the vicinity of 1 or p’s greater than .20, 
except for the interaction between subject 
type and retention interval, which yielded 
Е (2, 114) 2242, 10<p<.20. Thus 
orderly STM functions were observed in 
all experimental conditions, and sentences 
with pronoun subjects were strikingly easier 
to recall than were sentences with noun sub- 
jects. As will be seen later, this latter effect 
is not traceable to differential recall of the 
subjects themselves; for over all conditions, 
there were 44 pronoun errors and 38 noun 
errors, a small effect and opposite in direc- 
tion to the total correct recall effect. Note 
that with immediate recall (0-ѕес. interval), 
verbatim responding occurred only 7696 of 
the time on the average. 

General error pattern—Of the 36 sen- 
tences x 60 Ss = 2,160 recall events, 1,036 
involved an error of some sort. These errors 
are partitionable into three kinds: (a) those 
that were grammatical sentences, yet differ- 
ent from the presented versions by one or 
more word deletions, substitutions, and/or 
additions; (b) incomplete (ungrammatical) 
recalls; and (c) complete omissions, where 
nothing at all was attempted in recall. The 
frequencies of these errors for the 18 experi- 
mental conditions are shown 1n Rows 2-4 
in Table 2. Note that while complete sen- 


tence and incomplete string errors approxi- 
mated marginal expectations for the two sub- 
ject types, the complete omission errors were 
in the reverse order: there were over 2.5 
times as many omissions for pronoun sen- 
tences as for noun sentences. 

IWord-class errors.—The word-class error 
patterns to be reported were extracted from 
those experimental events wherein an overt 
error was made, either a grammatical sen- 
tence error or an incomplete string error. 
Consider, e.g., the experimental combination 
of O-sec. retention interval, mean depth 1.00, 
and noun subject. Out of the 120 experi- 
mental events under this combination, there 
were 40 error events, of which none was a 
complete omission, 1 was an incomplete 
string, and 39 were complete sentences (see 
Table 2). Within these 40 erroneous re- 
calls, there were 109 word-class errors of 
deletion and substitution, an average of 2.7 
word-class errors per recall. Using 109 as 
the denominator, the proportion distribution 
of these 109 errors over the seven word 
classes was figured. Similar normalized dis- 
tributions were determined for the other 17 
experimental conditions. These are plotted 
in Fig. l. The numbers along the hori- 
zontal axis are the serial positions of the 
relevant word classes, which are listed in 
Table 1. 

Note first that the distributions of word- 
class errors for pronoun and noun sentences 
were essentially identical. The only condi- 
tion where there is a suggestion of different 
distributions was that for mean depth 1.29 
at the O-sec. retention interval This was 
the condition where there was one adverb 


TABLE 2 
PARTITION OF RECALL RESPONSES 
Noun sentences Pronoun sentences 
o 
1.29 1.86 
Response type 1.00 1.29 1.86 1.00 
o | 10 [ 30| о | 10 | 309 | 9 1o | зо | о | 10 | 30 | о |10| 30 | о 10 | 30 
Correct go|a2| 30| 87 | 48| 37 | 86] 35 28| 90| 64| 54 |103 | 66 | 65 101] 64) 44 
: 1| 58 
Seil ences зо | 67| 78| 33 | 67 75| 34 Е ki 30 5 2 б E ы к n ү 
Incompletes 1| 10) 11] 0 + 4 d 2| al 9| 1] &| 9| 2 6 E „4 E 
ta 120 120 128 0 120 1120 | 120 [120 120 1120 | 120 |120 | 120 120 | 120 |1 
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SENTENCE TYPE: e—» NOUN, o-PRONOUN 


A 


234567 1234567 1234567 


Fic. 1. Normalized proportion distributions of 
word-class errors (deletions and substitutions) in 
erroneous recalls (complete sentence and incom- 
plete string errors) for 0-, 10-, and 30-sec. reten- 
tion intervals (rows), mean depths 1.00, 1.29, and 
1.86 (columns), and whether the sentence subject 
was a noun or a pronoun. (See Table 1 for the 
word classes designated by the numbers along the 
horizontal axis.) 


and one adjective. In general, however, the 
superiority in verbatim recall of pronoun 
sentences notwithstanding, individual word 
classes are affected equally by subject type. 
Also evident in Fig. 1 is the fact that some 
word classes are very stable in STM, others 
relatively labile. For mean depth 1.00 sen- 
tences, Adj, was lost (either by deletion or 
substitution) with most certainty and then 
Adjo. For mean depth 1.29 sentences, labil- 
ity centered on the adverb, followed by the 
adjective. Similarly for mean depth 1.86 
sentences, the two adverbs, Adv, and Advs, 
were the most labile word classes. Note also 
that certain interactions were absent: (a) 
The adjective immediately preceding the 
object was forgotten equally in mean depth 
1.00 and 1.29 sentences, even though the 
former involved an additional adjacent ad- 
jective while the latter involved instead an 
adverb in the verb complex. (Б) Similarly, 
recall of the adverb of the verb complex was 
unaffected by whether the other modifier was 


an adjective (mean depth 1.29 sentences) or 
another adverb (mean depth 1.86 sentences). 

An examination of the irregularities of the 
functions shown in Fig. 1 reveals the follow- 
ing: For mean depth 1.00 sentences of both 
subject types and for mean depth 1.29 sen- 
tences with noun subjects, the proportion 
distributions become less “jagged” with in- 
creasing retention interval lengths. In 
other words, for these conditions, word-class 
differences were diminishing as recall was 
delayed. This was not the case, however, for 
the most complex (mean depth 1.86) sen- 
tences. 

Finally, it is worth pointing out that for 
subjects, main verbs, and objects, the 
majority of the errors were substitution 
errors. The ratios of substitution to dele- 
tion errors for pronoun sentences were 
34:10, 62:24, and 52:24 for subjects, main 
verbs, and objects, respectively. The corre- 
sponding figures for noun sentences were 
34:4, 68:24, and 94:26. Note that substitu- 
tions were particularly highly likely for ob- 
jects in noun sentences. 

Addition errors.—Altogether, there were 
151 addition errors to noun sentences, 29 to 
pronoun sentences. Of the former number, 
137 were additions of the article the to the 
noun subject, which, if discounted, leaves 14 
additions to noun sentences. Of the 29 addi- 
tions to pronoun sentences, 24 were to the 
predicate (13 adjectives, 6 adverbs, 5 prepo- 
sitions) ; of the 14 additions to noun sen- 
tences, all were to the predicate (7 adjectives, 
3 adverbs, 4 prepositions), Thus 88% of 
the addition errors were to the predicate, 
and 76% of these were modifiers. 


DISCUSSION 


The first point to be made concerns the 
plausibility of the assumption that less uncer- 
tainty attaches to pronouns than to animate 
nouns and that therefore a sentence with a 
pronoun subject should place less demand on 
the processing system as a whole than one with 
a noun subject (see Factor 2 in introduction 
section). The conclusion is definitely in the 
affirmative, for at every retention interval and 
at every mean depth level, recall of pronoun 
sentences was superior to recall of noun sen- 
tences. From Table 2, one can calculate that 
on the average the former were recalled ver- 


WORD CLASSES AND SENTENCE MEMORY 51. 


batim approximately 1.5 times more often than 
the latter. As pointed out earlier, this effect 
15 not traceable to a superior recall of pronouns 
per se. This may be taken to imply that use 
of pronoun subjects in fact releases STM 
Capability for distribution over the incoming 
String as a whole. 

The second point to be made is that in cor- 
roboration with earlier results (Martin et al., 
1968), clear word-class effects were observed. 
Modifiers (adjectives, adverbs) were markedly 
more labile than were the key content words 
(nouns, verbs). Moreover, the nature of this 
lability is such that whereas deletions and sub- 
stitutions are indifferently mixed for modifiers, 
Substitutions predominate for the key content 
Words. This point is in keeping with the gen- 
eral notion (a) that an incoming sentence 15 
encoded primarily in terms of the major 
Semantic ideas it carries and (b) that recall 
is a construction process that utilizes those 
major ideas. The existence of addition errors 
adds further support to the notion of construc- 
tion at the time of recall, with the caveat that 
Perhaps construction occurs primarily in the 
predicate. 

The high incidence of modifier errors, to- 
gether with the fact that it was no matter 
whether the modifiers were two adjectives, an 
adjective and an adverb, or two adverbs, sug- 
gests that modifiers play only a limited role 
in determining the reconstructive “major se- 
mantic ideas," and that in any case their effect 


is an additive (as opposed to a multiplicative 
or interactive) one. 

The third, and final, point to be made con- 
cerns the effect of retention interval on word- 
class effects. Except for minor trends, the pro- 
portion distributions of  word-class errors 
changes very little as recall is delayed: the 
differential effects observed at a delay of 30 
sec. were observed also in immediate recall. 
The most plausible explanation of this fact 
would appear to be that selective processing of 
sentence elements occurs at the time of recep- 
tion and is not a matter of differential rates of 
decay owing to something like selective re- 
hearsal. 
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MEMORY DURING PROBABILITY LEARNING* 
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During a 300-trial probability learning (PL) experiment, Ss recorded at 
three widely spaced trials all they could remember oí the preceding event 
schedule. The Ss’ memory typically consisted of 1-5 discrete “chunks.” 
Memory within Ss' first chunks showed a recency effect; memory within last 
chunks showed a primacy effect; memory in intermediate chunks was 
essentially constant. It was concluded that both short- and long-term 
memory are present during PL. The statistical structure of Ss' memory 
responses was compared with the statistical structure of the event schedule 
and with Ss’ prediction responses. In general, Ss’ memory and the event 
schedule did not differ. However, some differences between memory and 
prediction responses were found which implied that response biases or 


strategies may intervene between memory and prediction. 


° 

A variety of models have been proposed 
to account for the results of probability 
learning (PL) experiments (see Atkinson & 
Estes, 1963; Burke & Estes, 1957 ; Gambino 
& Meyers, 1967; Restle, 1961, Ch. 6). Al- 
though each of these models makes assump- 
tions about memory during PL, it has not 
been common to directly investigate Ss’ 
memory during the course of the PL experi- 
ment. By memory is meant a model’s inter- 
pretation of how the series of stimulus events 
of preceding trials is registered or stored by 
S. The nature of this memory is of interest 
in its own right, and in addition it presum- 
ably has implications for understanding the 
basis of S’s predictions during PL. 

One study which did investigate memory 
during PL is reported by Reber and Mill- 
ward (1965). In their experiment, 5 was 
asked on each trial to recall one of the pre- 
vious nine events; exactly which event was 
to be recalled was signaled by E. After re- 
call of an event, S then predicted which of 
the two events would occur next. The Ss 
were run on schedules with different т values 
and a number of recall conditions. When 
averaged across conditions, Reber and Mill- 
ward reported that probability of recall 


1 This research was supported by grants from the 
National Institutes of Health (MH-13083-01 and 
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drops regularly from the first to the sixth 
trial back and appears to level off from the 
sixth to the ninth trial. They also state 
that except for one memory condition, Ss’ 
predictions were not significantly affected by 
the recall procedures when compared to 
control Ss. 

The present study also directly investi- 
gates memory during PL, but a recall pro- 
cedure is used in which, at a few widely 
spaced and unexpected trials during PL, 5 
is asked to write down all of the previous 
stimulus sequence that he can remember, i.e., 
a serial recall procedure is used. However, 
it is not fixed serial recall since $ can begin 
recording his memory starting from any part 
of the preceding event schedule. The pur- 
pose of this procedure is to get information 
on the structure of S’s memory which cannot 
be obtained when S is limited to recalling a 
single event on each trial or when recall is 
limited to only a few of the preceding events. 
For example, it seems likely in view of the 
evidence for long-term and short-term mem- 
ory reported in other similar experiments 
that these two kinds of memory may be pres- 
ent in PL also (see Atkinson & Shiffrin, 
1967; Glanzer & Cunitz, 1966; Phillips, 
Shiffrin, & Atkinson, 1967). Such a recall 
procedure also allows a comparison of the 
statistical structure of S’s memory with the 
statistical structure of both his responses and 
the event schedule. Thus, the purpose of 


this study is to expose some of the struc- 
tural properties of memory during PL, and 
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indirectly to provide information relevant to 
the memory assumptions of the various PL 
models. 


EXPERIMENT І 
Method 


Stimulus sequences —Sixteen different binary se- 
quences, 300 events long, were composed, using a 
random numbers table. In half of the sequences X 
was the dominant event, while in the other half O 
was dominant; т = .70 for each block of 100 trials 
and for the entire sequence. The stimulus letters 
were 1 in. high. 

Subjects.—Forty-eight female undergraduates, 
fulfilling an introductory psychology course ге- 
quirement at New York University, served as $5. 
There were 16 control Ss and 32 experimental Ss. 

Procedure.—The S sat in a booth and viewed 
the event sequence which was flashed on a small 
screen, The presentation of each letter was ini- 
tiated by the depression of a key, manipulated by E 
who sat behind the booth. Each letter was pre- 
sented for a l-sec. period. The 5 was instructed : 


This is an experiment in learning. Your task is 
to predict correctly which event will come on. 
Make your predictions by saying out loud "X 


100 


.80 


.70 


60 


50 


40 


30 


20 


PROBABILITY OF PREDICTING MOST FREQUENT EVENT 


MEMORY 
prose 2 


13 


е 


бл 


2 
о 


ог “О.” I will record your prediction and then 
present the letter so you can see if you were 
right or wrong. 


At this point, the experiment began for the control 
Ss. The experimental Ss heard these additional 
instructions : 


At certain infrequent intervals, I will stop the 
experiment and ask you to write down on this 
sheet of paper all that you remember of the 
past sequence of the Xs and Os. Write all you 
can recall, making sure to record the most recent 
event to the far right and events further back in 
time to the left. Use the following pencils to 
record your memory. Use the red pencil to 
write down the Xs and Os of which you are 
very certain. Use the blue pencil to write down 
those Xs and Os of which you are moderately 
certain. Use the lead pencil to write down those 
Xs and Os of which you are slightly certain. 
If you have gaps in your memory where you 
cannot recall, just leave corresponding blank 
spaces on the paper. Remember, you can write 
down as much or as little as you wish. 


Memory trials occurred after Events 50, 130, and 
300; S was provided with a blank memory sheet 
at the start of each memory trial. The memory 


EXPERIMENTAL GROUP 


CONTROL GROUP 


BLOCKS OF TEN TRIALS 


Fic. 1. Mean probability of 
group (N 


redicting the 
= 32) and the control group (№ = 16). 


dominant event for the experimental 
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sheet was 123 in. long and had a single line drawn 
the length of the sheet on which S recorded his 
memory. The experiment lasted 20-30 min. 


Results and Discussion 


Inspection of the PL prediction data 
shows no difference between the experi- 
mental and control groups, even for those 
trials immediately following a memory 
probe. This close similarity in Ss’ predic- 
tions is shown in Fig. 1. In addition, the 
common finding of probability matching and 
slight overshooting on the last 100 trials can 
be observed. It seems reasonable to con- 
clude that Ss in the experimental condition 
were not disturbed by the isolated memory 
probes and that they were responding very 
like Ss in a typical PL experiment. 

The memory data’s most striking charac- 
teristic was its “chunk” structure. That is, 
S would recall a short string or chunk of 
events, then leave a gap, recall another 
chunk, etc. Some typical examples of the 
memory responses showing the chunk char- 
acter are presented in Fig. 2. A chunk was 
defined as two or more adjacent events sepa- 
rated by a blank space at least two events in 
width. This excluded some data such as 
single responses with gaps on both sides, 
but, in general, identification of chunks was 
quite easy and less than 1% of the data was 
unscorable. 

The memory chunks were numbered in 
order, Chunk 1, 2, 3, 4, etc. First chunks 
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were operationally defined as any chunk be- 
ginning on the far right of the response 
sheet. These chunks represent memory of 
the stimulus events occurring just before the 
probe. In Fig. 2 the memory of all Ss ex- 
cept $1 shows a Chunk 1. There was а 
total of 96 memory protocols (32 Ss, three 
memory probes) and of these, 92 had a 
Chunk 1. Later chunks were numbered 
in order from the most recent chunk to those 
further back in time. In Fig. 2, all Ss 
except $3 show examples of such later 
chunks. There were 24 examples of Chunk 
2, 15 of Chunk 3, and 6 of Chunk 4. 
Chunks 5, 6, and 7 were too infrequent to 
be considered in any analysis. All last 
chunks regardless of their number were 
classed together. The special category of 
last chunks arose from the memory probe 
procedure since, after a probe, S returned 
to the prediction task and events which 
started the event sequence had a special 
primacy significance. It was common for 
S’s last chunk to be anchored on the events 
that began the experiment or on those which 
began the sequence immediately after the 
probe. These chunks are treated separately 
since they reflect the memory probe pro- 
cedure and presumably are not characteristic 
of memory in the typical PL experiment. 

The subjective strength of memory for 
each chunk was evaluated by giving all 
events recorded as “very certain” a score of 
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Fic. 2. Typical examples of memory responses, 
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Fic. 3. Mean subjective memory strength for the different memory chunks. 


(Chunks are vincentized by tenths. 


3, events recorded as “moderately certain” 
a score of 2, and events recorded as “slightly 
certain” a score of 1. Because of the dif- 
ferences in the lengths of the chunks, every 
chunk was divided into tenths and the sub- 
jective memory strength of each tenth was 
calculated, i.e., the chunks were vincentized 
by tenths. Figure 3 presents the mean sub- 
jective memory strength for Chunks 14 and 
for last chunks. 

Chunk 1 shows a clear recency effect, the 
last chunks show a clear primacy effect, and 
Chunks 2-4 show essentially a constant sub- 
jective memory. The results of Fig. 3 are 
similar to the serial recall functions for 
strings of other items, and they clearly sug- 
gest that memory in PL consists of a recency 
or short-term memory chunk and several 
long-term chunks. 

The objective accuracy of the first chunks 
was evaluated by placing the chunk on the 
event schedule just before the probe trial. 
Again, to allow comparison of different 
lengths, the chunks were vincentized by 
tenths, The mean probability correct of 
these tenths starting with the first tenth are 
85, 76, .69, .68, .66, .59, .59, 61, .58, .56. 
This pattern of objective memory decline 
closely follows the subjective memory of 
Chunk 1 shown in Fig. 2 and implies that 
confidence ratings are valid estimates of 
objective memory (see also Phillips et al. 
1967). The chance probability correct 15 
58, Since the first chunks average 
events in length, it follows that the = 
S was still recalling slightly better than 
Chance through the first eight-tenths of mem- 


See text for complete explanation.) 


ory, or back 14 events. It was common for 
an S to remember perfectly the first 8-10 
events; one S recalled the first 21 events 
correctly. It should be kept in mind 5 
could not anticipate a memory probe. These 
findings are in essential agreement with the 
results of Pollack, Johnson, and Knaff 
(1959). They report an average running 
visual memory span of 10.5 events for se- 
quences of equally probable binary digits. 
Unfortunately, the objective memory of the 
intermediate and last chunks could not be as- 
sessed since the events in these chunks could 
not be located with respect to the event 
schedule. 

A comparison of the statistical structure 
of Ss’ memory responses with the structure 
of the schedule and of Ss' responses is shown 
in Table 1. For the last 250 trials, both the 
probability of a dominant event in mem- 
ory and in the prediction responses comes 
close to matching the т of .70. In the first 
50 trials, however, Ss’ memory and his re- 
sponses do not match. Apparently S has 
d memory of the event schedule but 


a goo 
TABLE 1 
MEAN PROBABILITY OF DOMINANT EVENT IN THE 
EVENT SCHEDULE, Ss’ MEMORY, AND 
PREDICTION RESPONSES 
Probability of dominant event 
Trials : 
Ext, [se Memory | роз. 
—— tieu Menace 
1-50 70 .69 57 
51-130 70 70 70 
130-300 70 68 10 


| 
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he predicts considerably fewer of the domi- 
nant event. 

There is much evidence that runs of like 
events are of special significance in PL 
(Gambino & Myers, 1967; Restle, 1961, 
1966; Rose & Vitz, 1966). Some of the sta- 
tistical properties of the run structure of 
the event schedule, Ss’ memory and Ss’ pre- 
diction responses, are shown in Table 2. 
The probabilities in Table 2 are the mean 
probabilities that an event in the schedule, 
memory, or predictions was in a run of the 
designated length. Memory chunks ob- 
tained from Probe 1 were excluded since S’s 
prediction responses did not stabilize until 
after Trial 50. All memory chunks from 
Probes 2 and 3 were combined since no 
difference in the run structure was found 
that related to the difference between short- 
term and long-term memory. In general, 
Table 2 shows that the event schedule and 
S's memory are quite similar. (The pres- 
ence of too many runs of Length 4 in mem- 
ory was due to a few Ss and appeared to be 
idiosyncratic.) Again, however, the predic- 
tion responses deviate from both the sched- 
ule and memory. There is a significant 


TABLE 2 


Mean PROBABILITY or AN Event BEING IN A RUN 
or LENGTH X BASED ON ALL MEMORY OBTAINED 
FROM PROBES 2 AND 3 


Experimental group Control 
(N = 32) (N= 16) 
Run length 
-— " 
He. Memory [8 ig 
responses responses 
Dominant event 
1 07 .07 .04 04 
2 07 .07 .07 06 
3 09 10 | .09 08 
4 10 14 10 10 
5 09 Ll .10 10 
6 10 .08 .07 08 
7 05 .05 .06 07 
8 04 .03 .05 05 
9 03 .02 .03 04 
50 05 | 03 | 09 09 
Nondominant 
enn 4$ | ds | at ft ai 
2 .07 .10 .09 .09 
3 .05 .04 .05 04 
1 ‚02 :01 .03 .02 
2 01 01 .02 02 


tendency to predict too few runs of Length 1 
of the dominant event and a tendency to 
predict too many long runs, ie. runs 7 9. 
This finding is statistically significant: 29 Ss 
had fewer runs of Length 1 in their predic- 
tions than in their event schedule, 1 S had 
more runs of 1 in his responses than in his 
schedule, and 2 Ss showed no difference, 
в (29) = 5.11, p< .001; 19 Ss had more 
runs greater than 9 in length in their re- 
sponses than in their event schedules, 6 Ss 
had the reverse, and 7 Ss showed no dif- 
ferences, 2 (24) = 2.60, р < .01. 

The same pattern, but not statistically sig- 
nificant, is true of the response runs of the 
nondominant event. This finding is not due 
to the probe procedure since a similar pat- 
tern is found in the control Ss' responses. 
The tendency toward long runs is consistent 
with the tendency toward response persever- 
ation reported by Derks (1963) and Gam- 
bino and Myers (1966, 1967). 


EXPERIMENT II 
Method 


| This study was designed to get evidence of ob- 
jective memory in the intermediate (long-term 
memory) chunks. This was done by using a spe- 
cial response sheet described in the procedure 
Section. 

Stimulus material and subjects —The stimulus 
Sequences were identical to those used in Exp. I. 
Forty-eight male and female college students be- 
tween the ages of 17 and 24 served as Ss, 16 in 
the control group and 32 in the experimental group. 
Each S was paid $1.50 for participation in the 
experiment. 

Procedure ——The | procedure closely paralleled 
that used in Exp. I, differing in modification of the 
memory response sheet. The Ss wrote their re- 
Sponses on a large roll of paper on which a con- 
tinuous sequence of dashed lines was drawn. 
Thus, on any trial, S could use as much paper as he 
wished. They were told: "Record each 'X' or 
'O' on a separate dashed line. If you have gaps in 
your memory where you cannot recall, leave the 
corresponding number of dashed lines blank on 
your answer sheet and continue recording." Mem- 
ory trials occurred after Events 70, 170, and 300. 


Results 


The major finding of Exp. II is evidence 
that S’s intermediate memory, Chunks 2, 3, 
and 4 (again excluding the last chunks), 
does reflect the preceding event schedule. 
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There was a total of 28 Chunks 2, 3, and 4, 
all of which were checked against S’s sched- 
ule. After the events in a chunk were scored 
correct or incorrect, the chunk was vincen- 
tized by tenths and all 28 chunks were com- 
bined. The proportion of correct events for 
each tenth, starting with the most recent 
tenth, was .63, .63, .59, 48, .66, .76, .69, 
175, .70, .59. АП but one of the tenths is 
above the chance value of .58; the mean 
probability of an event being correct in these 
chunks, regardless of its position, was ‚бә, 
If Chunks 2—4 were close to the probe trial, 
then this evidence for long-term memory 
within these chunks would be contaminated 
by S’s short-term or running memory span. 
The following characteristics of Chunks 2-4 
make this a very unlikely possibility. There 
were 17 Chunk 2’s averaging 13.5 events in 
length; the median number of events back 
from the probe trial on which these chunks 
began was 15. Only 3 of the Chunk 2’s be- 
gan within 10 events of the probe, and the 
deletion of these 3 resulted in a slightly in- 
creased mean accuracy for the remaining 
Chunk 28, There were 7 Chunk 3’s and 4 
Chunk 4’s, and the median numbers of events 
from the probe on which these chunks began 
were 28 and 49, respectively. These chunks 
are well beyond a short-term memory effect. 
Furthermore, the average probability correct 
for these chunks was also .65. 

In scoring Chunks 2-4 it frequently ap- 
peared $ had remembered a part of the 
schedule accurately, but that he had not re- 
membered exactly how far back in the 
Schedule his chunk belonged. For example, 
S might recall the pattern 100000000, but 
place it back 30 events on the response sheet 
when in fact the pattern began 33 events 
back, This tendency for the memory to bea 
shortened or contracted version of the event 
schedule was difficult to document objec- 
tively. Some evidence, however, was fur- 
nished by those last chunks which were 
anchored on the events after the previous 
Probe, Of the 47 last chunks, 20 matched 
the schedule well enough to be called 
anchored last chunks. (Two criteria Were 
Used to identify anchored chunks: 8 of the 
chunks’ first 10 events or 3 of the chunks 


first 4 runs had to correctly match the 
schedule just after the last probe.) None 
of these 20 chunks was written on the re- 
sponse sheet as far back as the events had 
occurred. In fact, these anchored chunks 
averaged about 50% too few events back. 
Experiment II replicated all of the find- 
ings of the first experiment with the follow- 
ing minor differences: Exp. II had 30% 
fewer later memory chunks. This was not 
anticipated and is presumably due to the 
modified memory recording procedure. 
Also, the proportion of runs of Length 4 
found in the memory in Exp. II exactly 
matched the proportion in the event schedule. 


Discussion 


Together, Exp. I and II imply that memory 
in PL consists of a series of chunks, and, like 
memory for sequences of other kinds of items, it 
has both a short-term and long-term compo- 
nent. The primacy effect shown in the last 
chunks can be attributed to the memory probe 
technique and is presumably not typical of PL. 
One interpretation of the intermediate Chunks 
2-4 is that they represent S’s guesses based on 
knowledge of the statistical properties of the 
sequence. Peterson and Beach (1967) sum- 
marize a great deal of evidence that humans are 
usually good intuitive statisticians and could 
make statistically representative guesses. How- 
ever, the appreciable above-chance accuracy of 
Chunks 2-4 as shown in Exp. II rules out this 
explanation. Instead, these long-term chunks 
are interpreted as evidence that S transfers a 
small proportion of the event sequence from 
short- to long-term memory at irregular inter- 
vals throughout PL. Short distinctive patterns, 
especially if associated with correct prediction, 
are probably the events most likely to go into 
long-term memory. Such an interpretation 
is consistent with three 700-720-trial PL ex- 
periments reported by Rose and Vitz (1966). 
In these experiments, on half of the trials a rule 
existed which, if learned, allowed perfect pre- 
diction. The rules required S to remember the 
preceding four or five events. There was over- 
whelming evidence that Ss learned these rules, 
especially if they involyed simple patterns such 
as runs of four or five events; Ss often could 
verbalize these rules after the experiment. Ob- 
viously, $ must have used his long-term mem- 
ory throughout the experiment. Murdock 
(1962) presents curves of free recall of 30 
and 40 verbal items as a function of serial 
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position. His curves show a small but regular 
number of items are recalled which fall in the 
intermediate positions between the primacy and 
recency ends of the list. These items can be 
interpreted as in long-term memory and roughly 
analogous to the intermediate chunks of the 
present study. 

The difference in the statistical structure of 
the memory responses as compared to the pre- 
diction responses suggests that S may have a 
more accurate memory of the event schedule 
than his predictions demonstrate. The differ- 
ence between the memory and the predictions 
in the early trials (Table 1) implies that 5 
starts with a 50-50 hypothesis that takes some 
time to be corrected even though his memory 
is accurate. The S's tendency to predict too 
many long runs and too few runs of Length 1 
(Table 2) also implies that some kind of re- 
sponse strategy or bias intervenes between his 
memory and his prediction. Perhaps a model 
of PL should represent S with a memory sensi- 
tivity factor and a response bias factor in a 
manner analogous to signal detection models. 
A response bias factor would account for vari- 
ous incentive and motive-state effects while 
leaving memory essentially unchanged. 

The suggestive evidence for memory being 
a shortened version of the event sequence may 
be a simple artifact of the response procedure. 
The S could have been avoiding lengthy unroll- 
ing of the response sheet; he also may have 
been unconcerned about careful estimating of 
the number of events (dashed lines) between 
the different chunks. Nevertheless, the effect 
was large in the case of last chunks, and it has 

a number of other plausible interpretations. For 

example, if the task becomes boring and S fails 

to attend to the events or if S concentrates on 
transferring material from short- to long-term 
memory, then many events would not be regis- 
tered in either short- or long-term memory. 

Atkinson and Shiffrin (1967) have presented 
a model which allows for the failure to transfer 
an item from short-term to long-term memory 
and thus indirectly implies that long-term mem- 
ory will be a contracted version of the original 
stimulus series. Also, in periods of inattention, 
S might engage in such stereotyped response 
strategies as response perseveration, thus giv- 
ing rise to the extra number of long runs. 

The present models of PL do not deal di- 
rectly with the issue of short-term or long-term 
memory or with the possible existence of re- 


sponse bias factors as distinguished from S's 
memory. These properties would have to be in- 
corporated, hopefully with a minimum of diffi- 
culty, if they should prove directly relevant to 
the predictions of PL models. 
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HIERARCHICAL STRUCTURE IN FREE RECALL' 


ERWIN M. SEGAL? 
State University of New York at Buffalo 


Six presentation trials of a list of words were each followed by a free recall 
trial for six groups of Ss. All groups were presented either four high- or 
four low-frequency members of each of 11 categories (44 words). In 
addition to these words, two of the groups were presented the 11 names of the 
categories and two groups were presented 11 other category members. Thus 
these four groups were presented 55-word lists. All words were presented 
in a different random order for each trial The Ss who were presented 
category names tended to cluster their responses more than those in other 
groups and showed a tendency to recall the category name before any of the 
category members. There was an interaction on number of category 
members recalled between frequency and type of list, with category name 
interfering with learning of high-frequency members and not of low- 
frequency members. The Ss functionally identified two kinds of items, 
category names and category members. They tended to recall the items in a 
hierarchical manner with a name immediately preceding the members of its 


category. 


Organization of verbal materials by ex- 
perimental Ss in free learning or free recall 
Situations has been studied since 1951 when 
Bousfield (1953) first introduced the tech- 
nique. Most of this research has been con- 
ducted with materials which have some E- 
defined relationships between the elements to 
be organized, although Tulving (1962) has 
reported research with materials which have 
no deliberate E-determined relations. Qe 
cently, Tulving (1968) used the term "sec- 
ondary organization" as a general term for 
organization of items in output governed by 
Ss’ prior, extraexperimental or intraexperi- 
menta] acquaintance with the items constitut- 
ing a list. Since secondary organization can 
be represented as SO without seriously dis- 
torting Tulving’s meaning, it will be repre- 
sented as such in this paper. . : 

One advantage of using word lists which 
have a deliberate E-selected set of relation- 
Ships is that E can then see to what extent 
Ss actually make use of such relationships. 
Tn this way it was seen that Ss organize Te- 
Call according to the category of which the 
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words are members (Bousfield, 1953) and 
that the strength of associations determined 
SO of associated words (Jenkins, Mink, & 
Russell, 1958). It was also shown that Ss 
do not make use of grammatical form classes 
(Cofer & Bruce, 1965) in their SO. 

Cofer and his associates have used both 
category membership and the association be- 
tween elements as variables (among others) 
in their studies of SO. They have found 
many functional relations of interest, one of 
which is that association between elements 
and category membership has interactive in- 
fluence on SO (cf. Cofer, 1965). 

Cofer has also found that when words to 
be recalled are presented embedded in verbal 
contexts, the influence on SO is variable. 
Some contexts facilitated SO based on cate- 
gory membership and some interfered with 
SO based on category membership, although 
all contexts lessened the measures of asso- 
ciation between the elements (Cofer, 1965; 
Cofer, Segal, Stein, & Walker, 1969; Gon- 
zalez & Cofer, 1959). 

The materials presented to S's in this study 
had a latent structure. The experimental 
groups were presented lists of words which 
contained the names of 11 categories and 
four members of each category. However, 
all the words were presented to S in a ran- 
dom order. The Ss were asked to recall the 
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items in any order. Major experimental 
questions to be answered were (a) do Ss 
use the organizing principle of the category 
names during recall and (b) if so, how? 
A priori, the most likely description of the 
response process is: Produce a category 
name, exhaust the category, then produce a 
name from another category, etc. A result 
such as this would be consistent with the 
theoretical formulation of Miller, Galanter, 
and Pribram (1960). 


METHOD 


Subjects Тһе Ss were 144 volunteers from in- 
troductory psychology classes at the University of 
Texas at Arlington. The Ss were randomly as- 
signed to each of six experimental groups and were 
run in small groups of 1-6 Ss each. Twenty-two 
additional Ss served as judges in a category 
naming task. 

Materials—Words were selected from Cohen, 
Bousfield, and Whitmarsh’s (1957) norms for use 
as stimuli. Ten words were selected from each of 
11 categories. The categories were selected to 
meet two criteria: (a) the category had to have 
a culturally accepted name, and (b) the names of 
the categories were to cover a relatively broad 
frequency spectrum as determined by the Thorn- 
dike-Lorge (1944) frequency count. 

The E defined culturally acceptable names of the 
categories in the following manner: He told the 
22 judges to “write the name of the class to which 
each of the following lists of words belong.” He 
then read the members of a given category from 
high to low frequency until each of the Ss named 
it. Then he did the same with another category, 
until Ss responded to all 43 categories. If 50% or 
more of the Ss wrote the same name to a given 
list, that word was operationally defined as the 
category name. Using this criterion 25 of the 43 
categories have names. Eleven of these categories 
were chosen, giving a broad representation of 
natural language frequency. 

The 10 words from each category were selected 
according to frequency of class remembership as 
determined by the Cohen et al. (1957) norms. The 
words selected were the five most frequent category 
members and five other words which were listed as 
category members by at least 2.5% of the norm 
group. The 11 category names were selected to be 
used as additional stimuli. Examples from the se- 
lected category names and the category members 
are listed in Table 1. 

Procedure —Each S was presented a random list 
of either 44 or 55 words at 3-sec. intervals by mag- 
netic tape. After the list was presented S was 
asked to write as many of the words as possible in 
a column. He was given 4 min. for recall. This 
procedure was repeated for a total of six trials, 


TABLE 1 

PARTIAL List or Wonps USED IN THE EXPERIMENT 
Countries Fish Furniture Weapons 
U. S.A. trout chair gun 
France bass table knife 
England perch bed sword 
Germany tuna couch rifle 
Russia salmon desk club 
China herring dresser slingshot 
Brazil carp stove hammer 
Poland ее bench fists 
India bullhead bookcase | whip 
Austria shrimp rug bow 
Note.—Category members are listed in order of decreasing 


frequency of occurrence in the Cohen, Bousfield, and Whit- 
marsh (1957) norms. 


using different randomizations of the same list 
for each trial. 

Experimental design.—The groups differed only 
in which sets of words were presented to them. 
A 2X 3X 6 mixed-model experimental design was 
used. There were two frequency levels, three 
modes of organization, and six trials. All mea- 
sures were between Ss except for trials. 

Frequency level was determined by four words 
from each category. The high-frequency words 
(HF) were defined as the second, third, fourth, 
and fifth most frequent member from each cate- 
gory, and the low-frequency words (LF) were 
defined as the four lowest frequency members se- 
lected from each category. The words of each fre- 
quency level were presented to half of the Ss. 

The three modes of organization were defined 
as: (a) presence of the category names (N), (b) 
Presence of a fifth category member (M), and 
(c). no additional words (C). When used, the 
additional words were randomly presented with the 
others. 

Each S was presented 44 HF or 44 LF words. 
The HFN group and the LFN group were pre- 
sented in addition 11 category names. The HFM 
and LFM groups were presented in addition 11 
other category members; these were of the same 
frequency as other members in the list. The HFC 
and LFC groups were presented only the 44 HF 
or LF words. 

Scoring of response protocols—The response 
protocols consist of six lists of written words from 
each S. When possible the following four mea- 


sures were computed for each 5 on each trial for 
analysis: 


1, Four groups received 11 words in addition to 
44 class members. The total number of these addi- 
tional (A) words was computed for these groups. 

2. The number of HF or LF words recalled 
(W) was computed. 

3. The amount of category clustering was scored 
using the ratio of repetition (rr) (Cohen, Sakoda, 
& Bousfield, 1954). This was tentatively scored 
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both including and not including the A words. 
These methods gave essentially equivalent re- 
sults; therefore the A words were not included in 
the following analysis. However, the presence 
of an A word did not break up a cluster. Intru- 
sions which were category members were not 
counted, but also did not break up a cluster. Other 
intrusions were not counted, but would break the 
cluster. 

4. The average order of recall (primacy, P) of 
the A words within their respective categories was 
computed. If the A word were the first or only 
word of its category recalled, it received a 1; if 
second, a 2; etc. 


RESULTS 


Measures of recall—An overall Fre- 
quency X Organization X Trials mixed- 
model analysis of variance was run on the 
number of A words recalled for the four 
groups of Ss which were presented A 
words, Figure 1 depicts these results. All 
three main effects and all two-way interac- 
tions were significant at least at the .01 
level. The Ss learned HF was better than 
LF and names were better than members. 
The psychologically meaningful interactions 
are that N increased over trials at a greater 
rate than M, and the LF groups improved 
more than the HF groups. Tt may be that Ss 
learn how to use more subtle cues over trials. 

The number of category members. recalled 
was analyzed in a mixed-model design with 
two frequency levels, three modes of organi- 
zation, and six trials. There were very large 


MEAN NUMBER OF A WORDS RECALLED 


3 1 2 3 4 5 В 
TRIAL 
Fic. 1. The mean number of A words recalled 


for each of the six trials. 


MEAN NUMBER OF 


CATEGORY MEMBERS RECALLED 
c 


N M 
MODE OF ORGANIZATION 
Fic. 2. The mean number of category members 


recalled for each mode of organization (averaged 
over all six trials). 


trials, F (5, 690) = 597.1, р < .001, and 
frequency, Е (1, 138) = 46.1, р < .001, ef- 
fects. Тһе modes of organization was а 
significant effect, F (2, 138) =4.21, р < .05, 
primarily due to better performance by the C 
groups (those receiving only 44 words). 
Again there was a Trials х Frequency inter- 
action, F (5, 690) = 4.02, р < .01, with the 
low-frequency groups showing the most im- 
provement. There was also a significant 
Frequency X Mode of Organization effect, F 
(2, 138) = 3.68, р < .05, which was pri- 
marily due to the differential effect of cate- 
gory names on the recall of high- and 
low-frequency category members. This in- 
teraction was unexpected and may have 
theoretical value. The relation between 
mode of organization and frequencies is de- 
picted in Fig. 3. The presence of the cate- 
gory names seems to have inhibited learning 
in the high-frequency group but not in the 
low-frequency group. 

Measures of organization.—The measure 
of subjective organization among the cate- 
gories was the ratio of repetition. Figure 4 
depicts the performance of the six groups 
over trials. Again there were very strong 
trials, F (5, 690) = 87.1, p < 001, and 
frequency, F (1, 138) = 153.5, p < .001, ef- 
fects. The mode of organization was also 
significant, F (2, 138) = 4.50, р < .05. 
This time, however, it was primarily due to 
the better performance of the N groups. 
The names facilitated clustering for both 
high- and low-frequency category members, 
All interactions with trials were significant 
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Fic. 3. The mean ratio of repetition for each 
of the six trials. 


at least at the .05 level. HF groups and N 
groups improved more than their counter- 
parts. Group LFN improved the most and 
LFC the least to give the significant triple 
interaction. 

Correlations were computed between clus- 
tering and number of categories recalled for 
each trial of each group. These are listed in 
Table 2. It can be seen that the highest 
correlations are with the N groups and the 
lowest in the LFC group. This suggests 
that with heterogeneous kinds of words as 
found in the N groups, Ss who used the 
latent structure showed maximal learning. 
With fewer words to learn and a less obvious 
structure as in Group LFC, Ss did about as 
well with their own devices as with those 
supplied by E. 

The last analysis was a measure of 


TABLE 2 


CORRELATIONS BETWEEN NUMBER OF Worps 
RECALLED AND THE RATIO OF REPETITION 


Groups 
Trials 
HFN | HFM | LFN | LFM LFC | HFC 

1 .42* 21 58%* | ,37* .23 .35* 
2 | .63** |.36* | .64** | .26 .37* | .59** 
3 | Ze" | Soe | j5z** | .54*t | 250 | 69% 
4 | 75 | .82**|,64** | 36* A5* | 33 
5 | 69 | ,59** | 75" | J51 | 10 | 41* 
5 B | 6a | AEF | or" | 220. | 6s 
#p < .05 

p <.01 


Fic. 4. Тһе mean rank of A words recalled 
for each of the six trials. 


within-category organization. Figure 4 de- 
picts the average rank within each category 
or the organization word (either the name 
or the category member substituted for the 
name) over trials. 

This is the only measure which did not 
show an overall trials effect (Е < 1). It is 
also the only measure with no overall fre- 
quency effect, F (1, 92) — 2.1. However, 
there was a very large effect of mode of 
organization, F (1, 92) = 101.1, р < .001, 
which was due to the category name tending 
to be one of the first words produced in the 
categories. There were two significant inter- 
actions in this analysis, Frequency x Mode, 
Е (1, 92) = 13.8, р < .001, and Trials X 
Mode, Р (5, 460) = 10.0, p < .001. The 
tendency for the category name to be the 
first word recalled of the category increases 
over trials and is better for Group HFN than 
LFN. There were no general tendencies for 
the specified category member to be pro- 
duced at any particular rank within its 
category. Therefore, as Ss produced more 
members of the category, this word which 
tended to be produced at an average rank in 
the category occurred, on the average, later. 

In Group HFN, even on the first trial, 
the category name, when recalled, was the 
first member of its category in the response 
protocol over 5676 of the time, By Trial 2 
it was first over 75% of the time; and in 
Trial 6 the category name (when produced 
at all) was the first member of its category 
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in the response protocol 95% of the time. 
Of 225 category names recalled, 213 were 
the first word of their category recalled. 
This compares with a 34% rate of being 
ranked first in its category for the HF con- 
trol (74 firsts in 218 occurrences). SO was 
not quite as pronounced in Group LFN as 
HEN, but it was still impressive. By Trial 
2 the category name was ranked first 6076 
of the time in Group LFN, and on Trial 6 it 
was ranked first 72% of the time. In 225 
occurrences of the category name on Trial 6, 
163 were the first word of its category in the 
response protocol. 


Discussion 


The results generally confirmed the a priori 
expectations: Ss tended to recall a category 
name, then some category members, and then 
another category name, etc. However, „this 
result is not the only interesting one obtained. 
The presence of the category names aided 
category clustering of the members in both HF 
and LF groups but they interfered with learn- 
ing the members in the HF groups. One pos- 
sible reason is that Ss had two things to learn 
about the names: learn them as words and learn 
that they were names. These two tasks are 
relatively independent. Among the mete 
quency groups, recall and organization In на 
groups without the names was sufficiently high 
so that the added tasks were an inconvenience. 
Among the low-frequency groups the added 
aid to organization of the names seems to have 
counteracted the extra task inconvenience. 

The relative independence of recalling a word 
and identifying it as а category name can be 
further documented by the data. In many in- 
Stances, on one trial the name would occur д 
among the members іп its category, but on sub- 
sequent trials it would occur first. " 

The performance of Ss strongly suggests t ч 
they identified the two kinds of items and p 
them somewhat differently. The Ss learned п : 
Category names faster in spite of the fact ma 

ey were not necessarily high-frequency чо A 

hey usually recalled a name and followed | a 
Tecall by some members of its category» an A 
Occasion several Ss recalled a list of names аг 
then recalled members from the categories in 

€ order in which the names were listed. 


Since Ss were instructed to write the words 
as they recalled them, and there is no evidence 
that they did not follow instructions, these 
results confirm the hypothesis of Miller et al. 
(1960) and others, that memory can be hier- 
archically organized. 
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EFFECTIVENESS OF SERIAL POSITION AND 
PRECEDING-ITEM CUES IN 
SERIAL LEARNING 


JOHN R. HESLIP? anp WILLIAM EPSTEIN 2 


University of Kansas 


The relative-position and chaining hypotheses of serial learning were tested. 
Groups of 26 Ss received two tests of the same 13-word serial list after fixed 


amounts of practice. 


One test measured serial acquisition and the other 


measured the effectiveness of one of the potential cues in the serial list. 
Performance on the two tests was compared to determine whether either 
Positional or preceding-item cues by themselves could account for serial 
acquisition. Neither cue could account for all of the acquisition data, and 


both cues were most effective early in acquisition. 
effective at the ends of the list, and preceding-item 
position cues throughout most of acquisition. 


Most serial learning tasks include many 
potential cues for serial order. The chief 
point of dispute in the serial learning liter- 
ature concerns specification of the cue(s) 
that S actually uses to learn the serial order 
of items in a list. 

One hypothesis which has been proposed 
to account for serial acquisition is the rela- 
tive-position hypothesis (Ebenholtz, 1963b). 
This hypothesis maintains that in learning a 
serial list, S forms an internal spatial repre- 
sentation of the series. The spatial represen- 
tation is an ordered dimension with each 
item located exactly in the array relative to 
the ends of the dimension. Each item is 
associated with a position that is defined in 
the array by its relative distance from either 
end of the array. This hypothesis should be 
distinguished from the ordinal number hy- 
pothesis which essentially maintains that .$ 
mediates serial learning by counting (Jen- 
sen & Blank, 1962). 

The chaining hypothesis (Shuell & Kep- 
pel, 1967), on the other hand, maintains 
that the preceding item in a serial list is 
the cue for the immediately succeeding item. 
This hypothesis assumes that S associates 
each item in the list with the following item 
to form a sequence of paired associates. 

These hypotheses maintain that although 
Order Cues X, Y, and Z are available in a 


1 Requests for reprints should be sent to John 
R. Heslip, Department of Psychology, University 
of Kansas, Lawrence, Kansas 66044. 

2 Now at the University of Wisconsin, Madison. 


Position cues were only 
cues were stronger than 


serial learning task, 5 uses only Cue X to 
learn the series. This assertion was exam- 
ined in the present investigation by giving 
S two different tests after a fixed amount of 
practice with a serial list. In the first test (a 
paced serial anticipation test), Cues X, Y, 
and Z were available. In the second test, 
only Cue X was available. If Cue X is in 
fact all that S uses in serial learning, then 


performance over the serial list should be 
identical in both tests, 


EXPERIMENT I: Position AS A CUE 


The  relative-position hypothesis was 
tested by giving each 5 a fixed number of 
paced serial anticipation trials. Following 
the last trial, a position placement test was 
administered to measure S’s ability to place 
each item in its correct position on a spatial 
dimension, solely on the basis of relative- 
position information. Performance on the 
two tests was compared for all serial posi- 
tions and for five levels of practice, 


Method 


Subjects Тһе Ss were 130 students from an in- 
troductory psychology course at the University of 
Kansas. 

Materials—A 5-word practice list and a 13-word 
experimental list were prepared. A row of five 
asterisks preceded the words in each list. The 
disyllabic words were high in meaningfulness, 6.60- 
10.87 (Noble & Parker, 1960), and appear with à 
frequency of 40-100 per million in the Thorndike- 
Lorge (1944) count. Thirteen different orders of 
the experimental list were used. 
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A 60-in. board divided into 13 squares, 4 in. 
wide, was used as a spatial representation of the 
list. The words were printed individually on 33-in. 
squares of cardboard. 

Procedure—Five groups of 26 Ss received six 
trials with the practice list followed by either 4, 
8, 12, 16, or 20 paced anticipation trials with the 
experimental list. A memory drum was used to 
present each word for 2 sec. with 4 sec. between 
trials. Following the last trial, the position place- 
ment test was administered. The S sat facing the 
Segmented board and was told that the board was 
àn ordered series of squares corresponding to the 
ordered series of words in the list. The end of the 
array corresponding to the beginning of the list. was 
indicated to S. The E presented cards containing 
the words from the list, one at a time, in a different 
random order for cach S. The 5 was allowed 3 sec. 
to place each word in the square on the board that 
represented the word's position in the list. This 
time limit was determined from an earlier experi- 
ment (Heslip 1968) where it was demonstrated 
that 3 sec. was ample time to place words on the 
board using relative-position information, but too 
little time to allow S to count or recite a sequence 
of words. After S placed a word, it was removed 
"fore the next word was presented. E 

WO response measures were compare | а 
Correct position placements, which reflected per- 
formance using only relative-position eee 
and (b) correct anticipations, which reflecte pue 
formance when a number of potential cues Pe 
available, A correct anticipation was, sorei i | 
Мет was anticipated correctly on either. this 
Practice trial or on the next to the last trial. es 
two-trial criterion seemed necessary because 0 tin 
tendency of Ss in carly trials to stop anticipating 


Words if they missed a word at the beginning of = 
list. Ву using the data from two trials, it was 
Possible to determine the degree of мдя at- 
Spite occasional trials where 5 would stop antic p 
‘ng the words, 


Results 


A total of eight Ss from tl 
Vere eliminated for taking mo 
sa Place some of the words on 
“Tray. Figure 1 shows the COIT “4 
Чоп (САЎ results and the correct eps 
Placement (CPP) results plotted = poni 
Stoup. An analysis of variance oe 
formed on the CA and GPP data po ret 
‘otal number of correct responses pods sii 
“St as the response measure. шт wem 
two factors (Groups and Л e nest 
two repeated measures: 5s Wes nificant 
p 8тоцрѕ, All of the effects were p mea- 
(P< 001) : groups, F (4 05) Tones X 
Mes, Е (1, 125) = 179; and fidus 

“asures, F (4, 125) — 16. Fiv 


je five groups 
re than 3 sec. 
the spatial 
ct anticipa- 


With 


a priori contrasts were made between the 
two response measures, one for each group. 
The difference between CAs and CPPs for 
the four-trial group was not significant, F 
(1, 125) — 2; but the difference between the 
measures was significant (р < .001) for the 
8-, 12-, 16-, and 20-trial groups, F (1, 125) 
= 29, 56, 54, 105. Figure 2 shows a com- 
parison of the CA and CPP measures over 
positions for the five groups. 

For each word, Ss' scores were divided 
into two categories: "change" if S got the 
word right on one test but wrong on the 
other, and “по change" if S's performance 
was the same on both tests. A binomial 
test was performed for each word at each 
level of practice. The null hypothesis pre- 
dicts no change <4, whereas the relative- 
position hypothesis predicts no change > 4. 
The 296 level of significance was chosen as 
the level for rejecting the null hypothesis. 
Because of the large sample size and the 
assumed equal probability of occurrence for 
each category, the scores were transformed 
to normal deviates (2) using a correction 
for continuity. The results of the binomial 
tests are shown in Table 1. The probability 
of getting 22 or more scores by chance in 
the no-change category is less than .0004. 
Where this occurred, the probability in Table 
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Fic. 1. Average number of correct anticipations 


(CA) and correct position placements (CPP) from 
Exp. I for the 4-, 8-, 12-, 16-, and 20-trial groups, 
and the average number of CAs and correct suc- 
ceeding-item recall (CSIR) from Exp. II for the 
4-, 12-, and 20-trial groups. 
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NUMBER OF CORRECT RESPONSES 


TWELVE 


SIXTEEN 


POSITION 


Fic. 2. Correct anticipations and correct posi- 
tion placements for the 4-, 8-, 12-, 16-, and 20-trial 
groups at each list position. (There were 26 Ss 
in each group.) 


1 was listed as .000. Table 1 shows that, 
with the exception of some of the middle 
positions for the four-trial group, the rela- 


tive-position hypothesis was only supported 
at the ends of the list. . 

In Fig. 3, scores were plotted for each list 
position based on the absolute deviation of 
each position placement from the correct 
position. The data from a zero-trial control 
group is also shown. The zero-trial group 
consisted of Z6 Ss who placed words on the 
spatial array without any prior exposure to 
the experimental list. Their scores represent 
guessing without any knowledge of correct 
list order. While Fig. 2 and Table 1 indi- 
cate that ordered positions along a spatial 
dimension were not effective cues for the 
entire list, Fig. 3 indicates that Ss were able 
to localize items by their general position in 
the list (e.g., beginning, middle, end). 

At the end of the second test, each S was 
asked how many words there were in the 
list. If Ss used ordinal numbers as cues in 
acquisition, they would of course know how 
many items there were in the list. Only one 
S guessed the correct number. 


EXPERIMENT I]: PRECEDING ITEM As A Cur 


The chaining hypothesis was tested by giv- 
ing Ss fixed amounts of practice with the 
experimental list followed by a test for suc- 
ceeding-item recall. This was done by pre- 
senting the words to S one at a time in a 
random order. In a fixed amount of time, 
S tried to recall the item in the list that 
followed the test word. Recall on the two 


TABLE 1 
BINOMIAL TEST PROBABILITIES 


Positions 
Groups 
1 2 3 4 5 6 7 8 | 9 | 10 | и 12 13 
Probabilities for Exp. І 
4 .000 .002 ns .02 | .005 ns .005 .02 ns ns ns ns 02 
8 .000 | .002 ns ns ns ns ns ns ns ns ns ns 000 
12 .000 .000 | .02 ns ns ns ns ns ns ns ns .002 ‘000 
16 .000 | .002 | .02 ns ns ns ns ns ns ns ns :000 | `000 
20 .000 .000 ns ns ns ns ns ns ns ns ns ns “002 
Probabilities for Exp. II 
4 .000 .002 ns -000 | .000 ns .000 | .02 .002 | .005 0 
12 .000 | .000 ns | .005 | ns ns ns | .002 ns as |^ od d 25 
20 5.000 | .000 |.002 |.02 |2 | ms | ms |:000 |.02 | .002 | dor | а, | 99 
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AVERAGE DEVIATION SCORE 
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Fic. 3. Average deviation scores based on the 
absolute deviation of position placement from the 
correct position for the 4-, 8-, 12-, 16-, and 20-trial 
groups (dashed lines) at cach list position, com- 
pared to scores for a zero-trial group (solid lines) 
which represent guessing without any knowledge of 


correct serial order. 


tests was then compared to see if succeeding- 
item recall corresponded with the acquisition 


data. 
Method 


Subjects.—The Ss were 78 students from an in- 
troductory psychology course. { 

Materials.—The same material was used in Exp. 
I and II so that the two hypotheses could be com- 
parad directly. 

rocedure.—lhree groups О 

trials with the practice list followed by 4, 12, or 20 
trials with the experimental list. At the completion 
of practice, the starting cue (a row of five aster- 
isks) and the first 12 words of the list, printed on 
cardboard squares, were presented to S one at a 
time in a different random order for each S. The 
S was instructed to try to guess what word in the 
list followed each item that was presented. Three 
seconds were allowed for each response- 

Two response measures were compared: (a) 
correct succeeding-item recall, which reflected per- 
formance using only a preceding item as a cue, and 


{ 26 Ss received 6 


(b) correct anticipations on the last two practice 
trials, which reflected performance when a number 
of potential cues were available. 


Results 


Figure 1 shows the results of the correct 
anticipation (CA) and correct succeeding- 
item recall (CSIR) tests for the 4-, 12-, and 
20-trial groups. An analysis of variance was 
performed on the CA and CSIR data using 
S’s total number of correct responses on each 
test as the response measure. There were 
two factors (Groups and Measures) with 
two repeated measures; Ss were nested in 
groups. All of the effects were significant 
(p’s < .001) : groups, F (2, 75) = 72; mea- 
sures, F (2, 75) = 61; Groups X Measures, 
Е (4, 75) = 24. Three individual a priori 
comparisons were made between the теа- 
sures. For the 4-trial group, there was no 
significant difference between the measures, 
F (1, 75) =.6. For the 12- and 20-trial 
groups, there was a significant difference, F 
(1, 75) = 77 and 31, р < .001. 

An analysis of variance was performed on 
the CA results from Exp. I and II for the 4-, 
12-, and 20-trial groups. There were two 
factors (Groups and Measures) in the analy- 
sis. The measures and Groups X Measures 
effects were nonsignificant, F (1, 150) = 
.04; Е (2, 150) = .9; but the groups effect 
was significant, F (2, 150) = 193, р < .001. 
Three individual a priori contrasts were 
made to compare the CA results at levels of 
practice. The CA results in Exp. I did not 
differ significantly from the CA results in 
Exp. II for either the 4-, 12-, or 20-trial 
groups, F (1, 150) = .02, 8, 11. The re- 
sults of the contrasts show that comparable 
groups did not differ in learning ability be- 
tween the two experiments. 

An analysis of variance was then per- 
formed on the results of the CPP measure 
from Exp. I and the CSIR measure from 
Exp. II for the 4-, 12-, and 20-trial groups. 
There were two factors (Groups and Mea- 
sures) in the analysis. All of the effects 
were significant (p’s < .001): measures, F 
(1, 150) = 18; groups, F (2, 150) = 32; 
and Groups X Measures, F (2, 150) =8. 
Three individual a priori contrasts were 
made between the measures, one for each 
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Fic. 4. Average correct anticipations (CA) from Exp. I and II, correct position placements from 
Exp. I, and correct succeeding-item recall (CSIR) from Exp. II for the 4-, 12-, and 20-trial groups for 


each list position. 


level of practice. For the 4-trial level, the 
difference between measures was nonsignifi- 
cant, F (1, 150) =.2. The measures did 
differ significantly for the 12- and 20-trial 
groups, F (1, 150) = 6, #< .025; Е (1, 
150) = 25, p « .001. 

Figure 4 shows the CA, CPP, and CSIR 
data for the 4-, 12-, and 20-trial groups over 
the 13 serial positions. The CA data is an 
average from Exp. I and II since the com- 
parable groups in the two experiments did 
not differ. 

Table 1 shows the results of the binomial 
tests for Exp. II. The chaining hypothesis 
which predicts no change > J was supported 
for most of the serial items for the 4- and 20- 
trial groups, but it was not supported for 
most of the items for the 12-trial group. 


Discussion 


Experiment I did not confirm the relative- 
position hypothesis which attributes serial learn- 
ing exclusively to position learning. The re- 
sults did indicate that relative-position informa- 
tion may act as an effective cue at the ends of 
a serial list. These results are consistent with 
earlier findings (e.g., Ebenholtz, 1963a; Jensen 
& Rohwer, 1965). 

Experiment II did not confirm the chaining 
hypothesis which attributes serial learning ex- 
clusively to the formation of a sequence of 
paired associates. The results did, however, 
indicate that the preceding item may act as an 
effective cue throughout much of the serial 
acquisition process. These results are con- 
sistent with earlier findings (e.g. Postman & 
Stark, 1967; Shuell & Keppel, 1967). : 

The analysis of variance and the binomial 
tests indicate that the preceding item is, in 
general, a stronger cue than relative-position 
information. Although it might be argued that 


performance on the succeeding-item recall test 
was mediated by position information, this 
seems unlikely since Exp. I indicates that rela- 
tive-position information is not an effective cue 
in serial performance except perhaps at the 
extreme ends of the series. 

Since neither of the tested cues are adequate 
to account for serial performance over the entire 
list and over successive levels of acquisition, a 
more complex cue such as a cluster of preceding 
items seems to be implicated. 
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Three assumptions of a hypothesis-testing model of concept identification 
were evaluated using data collected by Trabasso and Bower (1966), who 
formulated the theory, and the results of a follow-up experiment. The Ss 
frequently (a) changed hypotheses after correct responses, (b) improperly 
used the information provided by an error trial, and (c) failed to make a 
consistency check between an error trial and the trial immediately preceding, 


all of which are incompatible with the model. 


Modifications of the model are 


suggested which will provide consistency with the present observations and 
with the effects of a wider range of independent variables, 


Trabasso and Bower (1966) have devel- 
oped a mathematical model of concept iden- 
tification (CI) which asserts that S attains 
solution by implicitly selecting one from 
among several possible hypotheses and then 
categorizing stimulus patterns in a way con- 
sistent with that hypothesis. Of particu- 
lar interest are the following assumptions of 
the model: (1) A change of hypothesis oc- 
curs only after an error which infirms the 
hypothesis on which that response was based. 
(2) A new hypothesis is always consistent 
with information (about the stimulus and its 
response assignment) given on the error 
trial. (3) Stimulus dimensions failing to 
pass a consistency check are not considered 
as possible hypotheses during the selection 
process—thus, if the same level ofa stimulus 
dimension is assigned to different categories 
or different levels of a stimulus dimension 
are assigned to the same category on an 
error trial and the trial just preceding 1t; о 
infers that the dimension is irrelevant and 
temporarily sets it aside. 

This cae proposes two methods for test- 


1 This research was undertaken at the Institute 
of Behavioral Science, University of Colorado, and 
is Publication No. 101 of the Institute. The work 
Was supported in part by Grant GB 3404 from the 
National Science Foundation, by the University of 
Colorado Council on Research and Creative Work, 
and by a National Science Foundation Cooperative 
Fellowship awarded to the senior author. The 
authors are indebted to Katy O’Banion who 
collected the data for Study II. " 

2 Requests for reprints should be sent to David 
H. Dodd, Department of Psychology, University of 
Utah, Salt Lake City, Utah 84112. 
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ing these assumptions directly and presents 
the results of such tests. These methods de- 
pend on the examination of individual S 
protocols to determine the consistency of 
stimulus feedback information and of re- 
sponses with the concept attained by S. 
Data suitable for making these tests are pro- 
vided by the dimensional shift (DS) prob- 
lem developed by Trabasso and Bower 
(1966). Study I is a simple reanalysis of 
results obtained by Trabasso and Bower. 
Confirmation of the conclusions drawn from 
Study I was attempted in a subsequent ex- 
periment, Study II, using a modified random 
reinforcement (RR) procedure (Levine, 
1962). 


Strupy І 


In the dimensional shift (DS) experi- 
ment reported by Trabasso and Bower, two 
dimensions or cues (e.g. color) are alter- 
nately relevant to solution. Given an as- 
signment of stimuli to categories according 
to one dimension, the first error by S is 
called incorrect by E and is thus designated 
an informed error (IE). The second error 
results in an immediate shift to the alternate 
dimension and the response is called correct 
by E. Shifts between these two dimensions 
occur on alternate error trials until S finds 
a solution, called the attained concept, based 
on one or the other of these dimensions. 

If for any S a shift occurs after the last 
TE, i.e, during the criterion run, a possible 

з Тот Trabasso of the University of California, 
Los Angeles, was most cooperative in providing the 
data of the Trabasso and Bower (1966) experiment. 
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violation of theoretical assumptions is indi- 
cated. The assignment of stimuli to cate- 
gories, from the trial preceding the last IE 
through the shift, will not be contingent on 
the dimension of the attained concept. The 
protocols of these Ss allow direct evaluation 
of the model’s assumptions. 


Method 


The details of the Trabasso-Bower experiment 
need not be repeated. Protocols of the 40 DS Ss 
in that experiment were obtained, but only 15 could 
in fact be analyzed because a few Ss failed to solve 
and some had an IE following the last shift. On 
each of the usable protocols, the following tests 
were performed to check the consistency of per- 
formance with the model’s assumptions. Type 1: 
Are any responses between the last IE trial and 
the last shift trial inconsistent with the attained 
concept? If so, S has changed hypotheses during 
this series of all-correct responses. Type 2: Was 
the stimulus-response information on the last IE 
trial inconsistent with the attained concept? If so, 
S did not generate a hypothesis which used that 
information. Type 3: Does the attained concept 
fail the consistency check for the last IE trial and 
the immediately preceding trial? If so, perhaps no 
consistency check was made or, if made, S failed to 
draw the correct conclusion. 


Results 


The Type 1 inconsistency can occur only if 
there are one or more trials between the last 
IE trial and the last shift. Of the 6 Ss with 
intervening trials (the mean number of 
trials was 2.5), 3 made one or more Type 1 
inconsistencies. The occurrence of a Type 1 
implies that S changed his hypothesis; but 
uncertainty as to the previous hypothesis of 
these Ss precludes conclusions about the 
other types of inconsistency. For this reason 
the N for Types 2 and 3 excludes Ss making 
Туре 1. Three of the 12 remaining Ss made 
a Type 2, and 3 a Type 3 inconsistency. In 
all, 8 of the 15 Ss showed an inconsistency 
with one or more assumptions. 

It has been shown (Bourne, 1965) that Ss 
whose overall performances are below 
median are more likely than above-average 
Ss to change their hypotheses after a correct 
response and less likely to make а new 
hypothesis consistent with previous informa- 
tion. The data confirm this finding; those 
Ss showing any of these inconsistencies make 


an average of 7.75 errors on the problem and 


those showing none, an average of 2.57 
errors, t (13) = 244, р < .05. 

The Trabasso-Bower DS procedures were 
replicated as closely as possible with 17 Ss 
from the student body at the University of 
Colorado. For 8 of these Ss, the last shift 
trial followed the last IE. Six of the 8 
displayed at least one inconsistency with the 
model ; each type occurred at least once. 


Srupy II 


Suppose that S's responses on the first n 
trials of a “concept problem" are randomly 
reinforced (as in Levine, 1962). On Trial 
п +1 his response is called incorrect (the 
last IE trial) and, on the next 16 (criterion) 
trials, all responses are called correct. In 
this “problem” all reinforcements are ac- 
tually unrelated to S’s responses. Accord- 
ing to the model, 5 should sample a hypothe- 
sis on the last IE trial; for that hypothesis 
any of the three types of inconsistencies with 
the model might be observed. Type 1: S 
might change his hypothesis during the 16 
“criterion” trials. Type 2: The hypothesis 
might be inconsistent with the information 
on the last IE trial. Type 3: S’s hypothesis 
might violate the consistency check of in- 
formation given on the last IE trial and the 
trial immediately preceding it. 

Study II was designed to determine the 
frequency of these inconsistencies in RR 
“problems.” It included three different RR 
sequence lengths to assess the generality of 
any observable effects. 


Method 


Each 5 was given preliminary instructions about 
the stimulus materials and the nature of CI tasks; 
he was told that the correct concept for each prob- 
lem depended on only one dimension. Stimuli were 
prepared on 5 X 8 in. note cards and varied on five 
binary dimensions—color (red or green), number 
(one or two figures), size (small or large), form 
(square or triangle), and vertical position (top or 
bottom of the card). The deck, consisting of all 32 
possible stimulus patterns, was shuffled prior to 
the presentation of each problem. The E pre- 
sented a card to S who placed it in the "alpha" or 
"beta" category; E said "Correct" or "Incorrect" 
and placed the card on the bottom of the deck. 

Each S received four separate problems, one of 
which was a standard unidimensional CI problem 
for which either size or number was the relevant 


dimension, The other three problems were random 


7" 
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reinforcement (RR) problems in which 2-, 6-, or 
20-RR trials preceded the last IE and the cri- 
terion trials. The Ss were 24 introductory psy- 
chology students, and 1 was randomly assigned to 
each of the 24 possible orders of the four problems 
given. Following completion of each problem, S 
was asked to describe the basis of sorting he used 
and whether it was consistently applied during 


the criterion trials. 

Note that S can "solve" an RR problem with 
(or without) any dimension(s), so that the evalua- 
tion of his protocol cannot proceed on the basis 
of a predefined concept. Since the instructions ex- 
plicitly told 5 that only one of the dimensions is 
relevant and since most of the verbally stated solu- 
tions were unidimensional, the criterion trials were 
analyzed for all possible unidimensional solutions. 
Where S stated a solution which was not unidimen- 
sional (7 of 72 cases), the analysis was applied, in 
addition, to that solution. In all cases where S's 
responses were consistent across the criterion trials 
the appropriate concept was correctly stated by S. 


Results 


All types of inconsistency occurred with 
considerable frequency. The reported re- 
sults, for the most part, are summarized 
across conditions since, in general, neither 
RR trials nor position of the problem pro- 
duced reliable effects. In order to provide 
reasonable comparability with the standard 
CI task, these results consider only RR 
problems where the attained concept is uni- 
dimensional. 2. . 

Any responses during the criterion trials 
which are inconsistent with the attained 
concept presumably indicate hypothesis 
change(s) during those trials. Such incon- 
sistencies (Type 1) occurred on 24 (37%) 
of the 65 RR problems having unidimen- 
sional attained concepts. These inconsistent 
trials represent 14% of the criterion trials on 
all problems. 

As in Study I, the apparent occurrence of 
a hypothesis change makes it difficult to con- 
sider whether information on and before the 
last IE trial is consistent with the sampled 
hypothesis. Thus the Ns for Type 2 and 
Type 3 exclude problems where Type 1 
occurs, 

On 9 (24%) of the remaining 41 prob- 
lems, the attained concept was inconsistent 
with the information on the last IE trial 
(Type 2). The relative frequency of Type 
2 inconsistencies varied inversely, though not 
reliably, as a function of the number of RRs; 


there were 38%, 20%, and 15% Type 2 in 
the 2-, 6-, and 20-RR conditions, respec- 
tively. On 14 (30%) of the 41 problems, 
the attained concept failed the consistency 
check (Type 3). li 

Finally, there were no reliable relation- 
ships between performance (trials and errors 
to solution) on the standard CI task and the 
frequency of any type of inconsistency on 
the RR problems. 


Discussion 


These results suggest certain modifications 
in the Trabasso-Bower hypothesis-testing model 
of CI. 

Assumption 1—The occurrence of Type 1 
inconsistencies is unequivocal evidence that Ss 
do change hypotheses after correct responses. 
This conclusion has been reached by others 
(e.g. Bourne, 1965; Ѕирреѕ & Schlag-Rey, 
1965), but is of especial interest here because 
it is shown to hold in the original Trabasso- 
Bower data and in a subsequent experiment 
using a comparable task. The model, then, 
should include some probability, P,, that S re- 
samples or revises his hypothesis after a cor- 
rect response. 

By other techniques, Levine (1966) estimates 
P, to be .05, but this value is clearly subject 
to the constraints of his procedure. For the 
present data, if one considers the 16 criterion 
trials as independent Bernoulli trials with P, 
constant, the probability that S' will not resam- 
ple across trials is (1— P,)!5 (resampling 
after the sixteenth trial will not be detected). 
Sixty-three percent of the Ss presumably do 
not resample, which allows the estimate P, = 
.03. Such an estimate is not easily made from 
the Trabasso-Bower data because there is a 
variable number of trials between last IE and 
last shift. Based on the average number of 
such trials (2.5 rounded to 3, which will under- 
estimate Р„), a rough estimate of P, is .21. 
In view of the small N, this is clearly an 
unreliable estimate. But the difference between 
it and the other estimate suggests the likely 
result that P, is not constant across consecu- 
tively correct responses. 

Assumptions 2 and 3.—The finding of Type 
2 and 3 inconsistencies in both studies violates 
the assumptions that the probability of generat- 
ing a hypothesis consistent with the immediately 
available information is 1.0. Thus the model 
should be revised to admit some probability, 
Р, <1, that S will use information available 
on an error trial in selecting a new hypothesis, 
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The authors estimate P,, from the relative fre- 
quency of Type 2 inconsistencies (P5) by 
assuming that approximately half of those who 
fail to use available information will nonethe- 
less sample a consistent hypothesis, i.e., 


P= 1—2P.=.52. 


Similarly the probability of making the con- 
sistency check, P,, is shown to be 


P,=1—2P3= 32. 


Both of these estimates from Study II seem 
reasonably close to those derived from the 
Trabasso-Bower data, which are .5 for both 
P, and P,. 

An alternative way of looking at the Type 3 
inconsistency would be to consider the prob- 
ability of failing to use the information of 
Trial п —1 (where п is the number of the 
most recent IE trial). Thus we could define 
a parameter, P,*—the probability that 5 will 
use the information of Trial 1 — 1 in sampling 
a new hypothesis. From the data of Study II, 
we estimate P,* = 42. While this approach 
is not necessarily more appropriate than the 
consistency check assumption, it does recognize 
the importance of memory in concept identifica- 
tion (e.g, Dominowski, 1965; Hunt, 1961). 
Taking account of even more remote trials 
might lead to a model with a memory function, 
specifying a relationship between remoteness 
of the preceding trials and the probability of 


information use. Obviously, more data are 
needed to specify the memory function. But it 
seems likely that an elaborated model not only 
would be consistent with the foregoing observa- 
tions, but also should account for a wider range 
of manipulable variables. 
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The present study investigated the effects of common vs. distinctive labels on 
the perceptual judgments of 7- and 9-year-old children made to stimulus pairs 
varying in similarity. Several predictions regarding the variables of stimulus 
similarity and developmental level were generally confirmed. Highly similar 
stimulus pairs elicited more "same" judgments from children than did more 
dissimilar stimuli. Furthermore, it was more difficult to associate labels 
to the more similar stimuli. Labeling training was effective with younger but 
not with older children. Finally, the effectiveness of the various types of 
verbal predifferentiation training on perception was related to the charac- 
teristics of the stimuli employed such that, for second-grade children, identical 
labels modified perceptual judgments made to dissimilar stimuli more than to 


similar stimuli. 


- 
| A number of recent studies have investi- signed to objects modify perceptual judg- 
gated the effects of various parameters which ments. These factors, which were investi- 
| influence the degree of perceptual transfer gated in the present study, are (a) the degree 
following verbal predifferentiation of stim- of perceived stimulus similarity prior to 
uli, Such variables as stimulus meaning labeling training and (b) the developmental 
( Pfafilin, 1960), complexity (Ellis, Muller, level of S. The theoretical paradigm cited 
& Tosti, 1966), type of label (e.g., Ellis, suggests that the effect of adding identical or 
Bessemer, Devine, & Trafton, 1962; Ellis & distinctive labels to two objects depends on 
d Muller, 1964; Katz, 1963), and type of cri- the original degree of perceived similarity 
4 terion task (Vanderplas & Garvin, 1959) obtaining in the cognitive responses elicited 
A have all been found to affect perceptual by the objects prior to naming. Thus, add- 


transfer under certain conditions, but not 
others. A continuing difficulty in this area 
of research has been the lack of a comprehen- 
sive theory which might aid in the selection 
of significant variables to be explored. This 
has resulted in both a generally atheoretical 
experimental approach towards the investi- 


gation of these parameters and an inability 


to account for the equivocal findings that 


have emerged. 
A recent theoretical model (Katz, 1961) 


has emphasized two relatively neglected vari- 
ables which may influence how labels as- 


1 This research was supported by National Insti- 
tute of Child Health and Human Development Re- 
search Grants HD-MH-03008 to the second author 
and HD-02672 to the first author. The authors 
would like to thank Alice Train for running Ss and 
Blanche Lasker, Principal of Public School 26, 
for her cooperation in providing children. . 

? Requests for reprints should be sent to Phyllis 
A. Katz, Department of Psychology, New York 
University, University Heights, New York, New 
York 10453. 
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ing distinctive labels to two stimuli already 
differing along a number of discriminable at- 
tributes should be less effective in modifying 
perceptual judgments than the addition of 
such labels to two more similar stimuli. 
Conversely, the addition of a common label 
to two objects should have greater perceptual 
transfer consequences when the two stimuli 
are originally perceived as more dissimilar 
than similar. Thus, the model predicts that 
the magnitude of change resulting from ver- 
bal predifferentiation or equivalence training 
is in part a function of the originally per- 
ceived similarity of the stimuli employed. 

It should be noted, of course, that the 
variety, extensiveness, and weighting of the 
particular cognitive responses elicited by 
stimuli may be influenced by a number of 
factors such as set effects and maturational 
level. This latter factor may have particular 
relevance to this area of research because the 
verbal label itself may carry a greater weight 
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at certain stages of development than others. 
Piaget’s (1951) work on nominal realism, 
e.g., suggests that names may be more im- 
portant for 7- than for 9-year-old children. 
Piaget has found that the younger children 
regard the name of an object as intrinsic to 
or inhering in the object, whereas older chil- 
dren view names of objects as arbitrary 
designations. A recent study by Kendler, 
Kendler, and Carrick (1966) provides some 
experimental support for this view in the 
area of children’s inferential problem solving. 
Based on the above reasoning, the present 
study investigated the effects of distinctive 
vs. identical labels on the perceptual judg- 
ments of 7- and 9-year-old children made to 
stimulus pairs differing in their similarity. 
The specific predictions tested were the fol- 
lowing: (a) Highly similar stimulus pairs 
should elicit more judgments of “same” from 
children than less similar stimulus pairs; 
(b) the effects of both identical and distinc- 
tive labels on perceptual judgments should 
be more pronounced in younger than in older 
children; (c) the addition of identical labels 
to relatively dissimilar stimuli should in- 
crease the number of same judgments more 
than the addition of identical labels to two 
relatively similar stimuli; and (d) con- 
versely, the addition of distinctive labels to 
similar stimuli should decrease the number 
of same judgments more than the addition of 
distinctive labels to dissimilar stimuli. 


METHOD 


Subjects—Ninety-six Ss, half boys and half 
girls, were randomly selected from the second- (7- 
year-olds) and fourth-grade (9-year-olds) classes of 
a public elementary school in New York City. The 
composition of students at this school, with very 
few exceptions, was white and from lower-middle- 
class socioeconomic backgrounds. 

Stimuli—The stimuli employed were random 
nonsense forms constructed according to Attneave’s 
(1954) method. Stimulus Series A (the similar 
series) contained four forms which differed some- 
what in shape and shade of red, but were the same 
size and were presented with their points in similar 
orientations. Stimulus Series B (the dissimilar 
series) contained four forms which differed some- 
what in shape, color, and size but were presented in 
similar orientations. All stimuli were presented to 
Ss on slides. Sample pairs of each stimulus series 
are presented in Fig. 1. aM . 

Procedure.—Each 5 was tested individually in 


the school, The experimental procedure was simi- 


pe 7 


"Pair А - Similar Series" 


x » 


"Pair B - Dissimilar Series" 


Examples of stimulus pairs employed 
in the present study. 


Fic. 1. 


lar to one previously described by Katz (1963). 
On entering the experimental room, each S was 
shown prizes that they could win for "playing the 
game well" The prizes consisted of things such 
as modeling clay, crayons, harmonicas, toy guns, 
books, and games. The S was instructed that he 
was to pretend to be a space explorer and had to 
get to know some "funny looking animals" on 
Mars. The label groups were told that they were 
to learn the names of these animals. The con- 
trol group was told that they had to learn what 
the animals looked like and to count them off in 
consecutive groups of 10. The counting task was 
included to minimize the possibility of control Ss 
inventing names for the figures. 

At each grade level, equal numbers of boys and 
girls were randomly assigned to three conditions. 
A common-label (CL) group associated two high- 
association nonsense labels (Buz and кіс) with the 
four forms, i.e., two forms per label. A distinctive- 
label (DL) group was given four labels (BUZ, RIC, 
JAN, and soL) for the four forms. A control (C) 
group viewed the forms without labels. Each 5 
in the two label groups received eight initial ex- 
posures of the forms (two exposures of each form), 
during which E announced the correct labels. Dur- 
ing these initial eight exposures, S repeated the 
names after E. Following these initial trials, S' 
was instructed to guess the name as each form was 
exposed. He was verbally reinforced for the cor- 
rect response and provided with the correct re- 
sponses when he guessed incorrectly. The order 
of the slides was randomly predetermined. Each 


ry 
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S was given 144 trials of verbal training in which 
to associate a label with a form. Each slide was 
exposed for 2 sec. The control group viewed the 
same slides for the same number of trials and was 
reinforced every 10 trials for counting correctly. 

Half of the Ss at each grade level were exposed 
to Stimulus Series A and half to Stimulus Series 
B. Thus the design was a 2 (Sex) X 2 (Grade) X 
3 (Labeling Training) х2 (Stimulus Series) fac- 
torial, with four Ss in each of the 24 groups. 

Following this stimulus differentiation training, 
all Ss were presented with a perceptual judgment 
task employing slides containing pairs of the pre- 
viously employed forms. Thirty trials were admin- 
istered in which S was asked to make a judgment 
of "same" or "different." Of these 30 slides, 10 
contained pairs that were actually identical, 10 con- 
tained pairs of differing stimuli previously asso- 
ciated with a common label in the CL groups, and 
10 contained pairs associated with different labels 
for these groups. It should be noted that these 
various types of stimulus pairs were needed in order 
to make the task a reasonable one for the child. 
The only judgments relevant to the predictions, 
however, were those made to the 10 slides con- 
taining different stimuli which had previously been 
associated with an identical label for the CL 
groups. The concepts of same and different were 
exemplified to S by a slide of two identical tri- 
angles and one containing a triangle and a square. 
The S indicated same or different by means of two 
telegraph keys which were appropriately labeled. 
Practice trials with the triangle and square stimuli 
were administered to insure that Ss were using the 
telegraph keys correctly. Slides were presented 
tachistoscopically at a .2-sec. exposure at a medium 
brightness opening of 5.6, employing a Graflex 
tachistoscopic shutter on a Kodak Carousel Slide 
Projector. A light pointer was used as a “ready 
signal. Judgments were recorded by E. 


RESULTS 


lier findings (Katz, 
found to be signifi- 
ect or in interaction 
d for the sake of 
d in the following 


Consistent with ear 
1961), sex of S was not 
cant either as a main eff 
with other variables an 
simplicity will be ignore 
analyses. 

Verbal training—In order to assess 
whether Ss exhibited differential learning 
curves in initial verbal training, Scores of Ss 
in the CL and DL groups were corrected for 


guessing by the formula even where 
R is the number of correct responses, W the 
number of incorrect responses, and n equals 
the number of response alternatives. The 


mean corrected scores of the CL and DL 


groups to both stimulus series, over three 
blocks of 48 trials, are presented in Fig. 2. 

A four-way (Treatment X Stimulus Type 
X Grade X Blocks) mixed analysis of vari- 
ance performed on these data revealed that 
the main effects of stimulus type and blocks 
of trials were significant, F (1, 56) — 5.08, 
p < 05; and F (2, 112) = 949, p < .01, re- 
spectively. The stimulus effect indicates that 
it was easier for the children to learn to 
associate labels to more dissimilar stimuli. 
The blocks effect indicates that all Ss im- 
proved over trials. In addition, the Blocks 
X Stimuli interaction was significant, indi- 
cating that the shape of acquisition curves 
differed for the two stimulus series. As 
can be seen in Fig. 2, Ss presented with 
Stimulus A series did considerably poorer 
initially in verbal learning than those receiv- 
ing Stimulus B slides, but the difference di- 
minished with training. No significant dif- 
ferences were associated with either grade 
level and the number of labels. The other 
interactions were all statistically insignifi- 
cant. 

The finding that Ss in the two stimulus 
series conditions exhibited differential verbal 
acquisition curves is consistent with the first 
hypothesis. It could, however, be a possible 
artifact in interpreting the perceptual judg- 
ment results. A finding that mitigates 
against this possibility, however, is that the 
two groups did not differ significantly at the 
end of the verbal training session. When 


MEAN CORRECT RESPONSES 


BLOCKS OF TRIALS 


Fic. 2. Verbal learning curves of 
the various groups. 
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the last ninth of the training is considered 
(ie., the last 16 trials), the mean numbers 
of correct responses for the Series A and B 
groups were 14.3 and 15.4, respectively, F 
(1, 62) = 276, р> 10. 

Perceptual judgments.—The measure of 
greatest interest to the hypotheses initially 
advanced was the number of same judg- 
ments made to the 10 pairs of stimuli that 
were objectively different, but where the 
members of each pair had been associated 
with a common label for the CL groups and 
distinctive labels for the DL groups. The 
mean number of same judgments for each 
group is presented in Table 1. 

A three-way analysis of variance (Grade 
X Treatment X Stimulus Series) of these 
scores revealed that the effect of stimulus and 
the Treatment X Grade interaction were sta- 
tistically significant, F (1, 84) = 10.40, p < 
01; and F (2, 84) = 3.30, р « .05, respec- 
tively. 

As expected, the stimulus series effect re- 
vealed that more same judgments were made 
to the Series A stimuli which had more 
common attributes. "The significant Treat- 
ment X Grade interaction indicated that 
there were differential effects of verbal train- 
ing at each age level. Therefore, individual 
analyses of variance were performed for the 
second- and fourth-grade Ss. 

A two-way analysis of variance (Treat- 
ment х Stimulus Series) performed on the 
scores of the fourth-grade Ss revealed that 
neither the treatment effect nor the Treat- 
ment X Stimulus interaction were statisti- 
cally significant. Thus, it may be concluded 
that labeling training did not modify the per- 


TABLE 1 


MEAN NuMBER or SAME JUDGMENTS MADE BY THE 
Various GROUPS то THE 10 PAIRS or STIMULI 
ASSOCIATED WITH THE SAME LABEL 
IN THE CL CONDITION 


Treatment group 


Dissimilar stimulus 


Similar stimulus series pd. 


Grade 


Second | 5.1 | 41 | 35 | 36 | 20 | L6 
Fourth | 24 | 49 | 29 | 27 | 25 | 28 


ceptual judgments of the older children. In 
view of this, additional analyses were not 
conducted on these scores. 

An analysis of variance conducted on the 
second-grade scores revealed the treatment 
effect to be significant, F (2, 42) = 4.02, p 
< .05. It can be seen in Table 1 that the 
direction of the means of the CL, DL, and 
C groups was in the expected direction. The 
CL groups gave more same responses than 
the others, whereas the groups who had been 
taught distinctive labels gave the fewest. 
The CL and DL groups did not differ sig- 
nificantly from the control Ss, but they did 
differ significantly from each other, F (1, 
28) = 6.65, р < .05. 

In order to assess further the predictions 
originally advanced, the positions of the CL 
and DL groups in each stimulus series rela- 
tive to the C groups was examined. On the 
basis of the original theoretical formulation, 
it was predicted that the addition of identical 
labels should elicit more perceptual change 
for the dissimilar Series B than for the more 
similar Series A. The magnitude of change 
obtained was in the predicted direction. For 
Series A, the mean number of same judg- 
ments for the CL groups was 5.1, contrasted 
with 4.1 for the C group. For Series В, the 
CL group gave a mean number of 3.6 same 
judgments as contrasted with 2.0 for the 
comparable control. Employing the relevant 
control group as a base, then, the percentage 


of change was 2496 for Series A =) 
as contrasted with 80% change for Series B 
(5520 

2.0 
percentages was significant, ¢ (15) = 3.60, 
p < 01. 

The fourth prediction was not confirmed 
in that the addition of distinctive labels re- 
sulted in similar decreases in same judg- 
ments for the two stimulus series (1596 for 
Series A vs. 20% for Series B). 


) The difference between the 


Discussion 


The findings of the present study are both 
consistent and inconsistent with the results of 
the earlier investigation (Katz, 1963). As in 
the previous study, verbal labels were found to 
influence perceptual judgments, In the earlier 
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study, however, this influence was found for 
both second and fourth graders, whereas in the 
present study it was found only with second- 
grade children. It should be noted that the 
series of stimuli used in the earlier study dif- 
fered only in respect to shape and thus were 
more similar than either of the stimulus series 
employed in the present study. In keeping with 
arguments advanced in this paper, older children 
may be relatively insensitive to the verbal pre- 
differentiation of stimuli and only allow such 
labeling training to influence their perceptual 
judgment in those instances where few other 
cues for judgments are available. Thus, in 
the earlier study, where only one difference 
prevailed between the stimuli, labels had an 
influence on judgment, whereas in the present 
study, where either two or three stimulus dimen- 
sions differed, the labels had no influence. 
Three of the four predictions made at the out- 
set were confirmed by the study. Very similar 
stimulus pairs elicited more same judgments 
than less similar stimulus pairs. Furthermore, 
it was more difficult for children to learn labels 
to the more similar pairs. As noted above, the 
effects of labeling were much more pronounced 
in younger than in older children. _ For the 
second graders, identical labels modified per- 
ceptual judgments made to dissimilar stimuli 
more than to similar stimuli. The failure to 
confirm the fourth prediction regarding the dif- 
ferential effects of distinctive labels may well 
have been due to the particular stimuli employed 
in this study. It should be noted that all the 
stimulus pairs used in this study contained more 
differing than common cues, and it might be 
anticipated that distinctive labels would zot 
generally be effective in modifying perceptua 
This generates the expectation that 
distinctive labels would be effective when more 
similar stimuli are used, an expectation con- 
firmed in the earlier study (Katz, 1963). р 
The theoretical paradigm which p 
the predictions tested in this study suggests Pee 
more specific hypotheses concerning perceptua 
transfer could be made if information hie 
known about (a) the types of cues os oye 
by any particular type of 5 in making per- 


judgments. 


ceptual judgments and (b) the weights to be 
ascribed to these various cues in S’s discriminal 
processes. The type and variety of stimulus at- 
tributes attended to by 5 may be a function 
of many factors, including the particular per- 
ceptual orienting responses employed, the de- 
velopmental level of S, and his previous per- 
ceptual experience. Although specific informa- 
tion pertinent to these issues is not currently 
available, it is clear that such problems are 
solvable through further empirical investigations. 
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ESCAPE AND AVOIDANCE AS RESPONSES LEARNED 
TO A SPECIFIC CONFLICT-PRODUCED DRIVE* 


ROBERT J. INNES? 


University of Nebraska 


An experiment was conducted to investigate postulated drive and cue 
properties of the state of conflict. First-grade school children were tested 
for responses of escape from or avoidance of conflict in a new and different 
approach-approach conflict after initial training of these responses under an 
approach-avoidance conflict. Results supported the conclusion that either | 
responses of escape from or avoidance of conflict acquired in an initial 
approach-avoidance conflict generalized to a new and different approach- 
approach conflict due to mediation by conflict-produced drive cues. Appro- 
priate control Ss ruled out simple stimulus or response generalization 
interpretations, or mere transfer of information on the availability of these 


responses. 


Several authors have suggested, on theo- 
retical grounds, that conflict itself can be a 
source of strong stimulation of a stressful or 
disruptive nature (Miller, 1944, 1951, 1959; 
Miller & Stevenson, 1936) or that conflict 
can produce drive above and beyond the 
drives operating to produce the conflict 
(Brown, 1961; Brown & Farber, 1951; 
Cofer & Appley, 1964). Investigators have 
observed that the presence of competing re- 
sponse tendencies produces “energization” 
(Miller & Stevenson, 1936) or increased re- 
sponse strength (Lowell, 1952) indicative 
of an increase in total drive. One implica- 
tion of these assertions is that if conflict pro- 
duces drive of an aversive nature, then the 
presence of conflict should provide an oc- 
casion for specific learning of such a nature 
that the learned responses lead to a reduction 
of the drive and its aversive stimulation. 

In line with Brown's (1961) position, it 
may be postulated that conflict-produced 
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(CP) drive has cues which accompany the 
drive. Since CP drive is more than a sum- 
mation of existing drives, it follows that 
stimuli associated with CP drive are not the 
same as those of other existing drives and 
environmental cues. The implication is that 
learning acquired to the cues of one state of 
conflict will be elicited in any subsequent 
conflict situation of sufficient strength due to 
generalization mediated by the common CP 
cues. 

In testing these notions, demonstration of 
generalization of responses learned to CP 
drive cues becomes the crucial point. Mere 
occurrence of responses in original learning 
which might be assumed to be elicited by CP 
drive cues could conceivably be elicited by 
cues from other drives or environmental 
cues. The present study, therefore, was 
designed to show that responses learned in 
an initial conflict were in fact cued by 
CP drive cues by demonstrating that the 
responses so learned would generalize to a 
different conflict encountered in a different 
environmental setting. Such generalization 
could be accounted for only on the basis of 
mediation by common cues associated with 
CP drive. 

Although any response of which an 5 is 
capable could presumably be learned to CP 
drive cues, two responses, escape from con- 
flict (ResC) and avoidance of conflict 
(RavC), were chosen for study. 


In order to make a strong test it was de- 


ES 
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cided to train the escape and avoidance re- 
sponses in an approach-avoidance (Ap-Av) 
conflict and test for generalization in a dif- 
ferent type of conflict (Ap-Ap), where dem- 
onstration of generalization of such re- 
sponses would be contrary to the easy 
resolution of Ap-Ap conflict usually found 
(Miller, 1944) and thus would provide par- 
ticularly convincing evidence of the drive 
and cue properties of conflict. 


METHOD 


Subjects —Fifty-nine girls and 61 boys, all first- 
grade school children, were assigned to eight 
groups. The four following groups were in the 
escape-from-conflict condition : : 

Ele: Experimental Ss who in the training phase 
first learned Ap and Av responses had the Ap 
and Av stimuli simultaneously presented (conflict) 
and had ResC available to them. The Ele Ss 
were then tested for generalization of ResC in the 
Ap-Ap conflict. 

Cle: Control Ss who were included to check the 
possibility that Ss making escape responses to 
the conflict-inducing stimulus in the test phase were 
simply using the third available response to the 
third type of stimulus (combined). : 

C2e: Control Ss who were included to determine 
whether Ss who had practice on making responses 
which were identical to those learned by experi- 
mental Ss in the training phase, but which were not 
practiced in a conflict situation, „would make an 
escape response in the generalization test situation 
if informed of the availability of that response, as 

might surmise. . 
E Experimental Ss who were given the same 
information about ey of the escape 
in the test as Сге 58. 

ret imilar groups (pis A c were used 
i idance-of-conflict condition. 
е Ар-Ау conflict apparatus med 
in the training presented to 5 a 1X2 ft. w nite 
horizontal panel containing a ready” button cen 
tered 1} in. from the near side and three Led D 
push buttons arranged 63 in. apart in an E x 
from the “ready” button. A 18 X2 ft. white ve г 
tical panel was fixed to the far side and pa» 
two 3X4 in, reward display windows at the E: - 
tom corners and a 3 X 5 in. shuttered stimulus E 
Play aperture centered 7 in. from the top ч, Ke 
Panel and 2 in. below a preconflict warning light. 

he stimuli presented were (a) a l-in. white square 
embedded in a 14-in.-diameter solid black circle as 
the Av stimulus, (b) a white cross with 3-in.-long 
To-in.-wide cross bars embedded in à 1}-in-diam- 
eter solid black circle as the Ар stimulus, (c) a 
conflict-inducing stimulus consisting of both the Ap 
and Av stimuli presented side by side in alternatng 
position, and (d) a 13-in.-diameter 1-in-wide black 
ring shown to controls as a substitute stimulus. 
Each stimulus was on a white card. 


The Ap-Ap conflict apparatus used in the gen- 
eralization test differed from the training apparatus 
in that it was aqua-colored and its front surface 
was made up of three planes. A panel inclined at 
60? contained a 3-in.-diameter shuttered aperture 
for stimuli, two response levers, and two chutes for 
dispensing tokens. A "ready" button and two token 
display cups were on a horizontal panel immedi- 
ately in front of S. A preconflict warning light 
was on a vertical panel above the sloping panel. 
The two Ap stimuli were distinctly different dis- 
plays of six identical cartoonlike faces arranged in 
a circle, and the conflict-inducing stimulus was a 
combined set of six faces, three from each Ap 
stimulus. 

Procedure.—The Av response was trained by in- 
structing an experimental S upon presentation of 
the Av stimulus to press the response button on his 
right to avoid loss of one of the 12 trinketlike toys 
S had selected as preferred prior to the procedure. 
The Ap response was trained by instructing S to 
press the response button on his left to gain three 
M & M candies upon presentation of the Ap stim- 
ulus. The combined stimulus was also presented 
and the possible response alternatives explained. 
Forced trials in which S was instructed to make 
each of the available responses followed presenta- 
tion of each stimulus, i.e., a response which resulted 
in loss of a toy and a response resulting in avoid- 
ance of loss of a toy with the Av stimulus shown; 
and a response which gained S three candies and a 
response which resulted in no gain of candy with 
the Ap stimulus shown. The alternatives demon- 
strated through forced trials with the combined 
stimulus shown were avoidance of loss of a toy but 
no gain of candy, gain of candy but loss of a toy, 
and a response which removed the combined stimu- 
lus (pressing of the center button) and which did 
not change the number of toys or candies which S 
had, thus allowing S to escape conflict. A complete 
series of forced trials was then repeated with the 
Ay, Ap, and combined stimulus. 

Following forced trials, S was given practice on 
making voluntary responses to random presenta- 
tions of the Ap and Av stimuli, five exposures each. 

The consequences of pressing each of the re- 
sponse buttons in response to each of the stimuli 
were reviewed with S following the voluntary prac- 
tice. Then S was given five presentations of the 
conflict-inducing stimulus with the Ap and Av 
stimuli alternately presented between exposures of 
the coniflct-inducing stimulus. If S failed to make 
the ResC to either of the first two exposures of the 
conflict-inducing stimulus, the contingencies of the 
various responses available were reviewed. 

The generalization test apparatus was covered 
and out of S's sight in another part of the room 
during the training phase. When S had completed 
training, he was introduced to the test apparatus as 
a "different game." 

The test apparatus was introduced by showing S 
the first Ap stimulus. The S was told to lift the 
lever on his left in response to the first Ap stim- 
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ulus in order to receive a red token which could be 
exchanged following the game for approximately 4 
oz. of a designated, one of two flavors, carbonated 
beverage chosen by S. Two forced trials were then 
given with S instructed to make responses which 
resulted in token reward (left lever) and no-token 
reward (right lever), respectively. 

The second Ap stimulus was then displayed and 
S was told to lift the lever on his right to obtain 
a blue token which could be exchanged at the con- 
clusion of the game for approximately 4 oz. of a 
second chosen flavor of carbonated beverage. Two 
forced trials then followed which resulted in blue- 
token reward and no-token reward, respectively. 

As each token was obtained during the first 
series of forced trials, the amount and flavor of 
carbonated beverage redeemable by each token was 
displayed for S to see. 

A second complete series of forced trials was 
given, followed by practice on making voluntary re- 
sponses to random presentations of each Ap stim- 
ulus, five exposures each. 

The datum gathered for each S was the re- 
sponse he made on one exposure of the conflict- 
inducing stimulus given immediately following vol- 
untary training. A response to the button was 
taken as a generalized response. 

The Cle Ss had training identical to that of 
experimental Ss except that instead of being pre- 
sented with the conflict-inducing stimulus as ex- 
perimental Ss were, Cle Ss were shown the substi- 
tute stimulus. In response to this stimulus, Cle Ss 
were told to press the same button which resulted 
in escape from conflict for experimental Ss, but for 
Cle Ss the reward for this response was merely 
E’s telling S he had made the “correct” response. 
The number of exposures of the third geometric de- 
sign was equal to the number of exposures of the 
conflict-inducing stimulus given to experimental Ss. 
The Cle Ss received the same treatment as Ele Ss 
in the generalization test phase; neither group re- 
ceived any instructions mentioning the response 
button nor consequences of its use. 

The C2e Ss practiced responses identical to the 
Ap and Av and ResCs practiced by experimental 
Ss, but the reward associated with each "correct" 
response was simply affirmation by E that S made 
the response appropriate to the stimulus presented. 
Stimuli used for C2e Ss were identical to those 
used for Cle Ss. Each C2e S was told, following 
each series of forced trials in the generalization 
test, that he could press the response button to 
make the shutter close, to make the stimulus go 
away, and that by so doing he would not have to 
make a choice of what to do. The E2e Ss were 
given the same instructions in the generalization 
test as C2e Ss. 

The procedure for training Ss in the avoidance- 
of-conflict condition was essentially the same as 
that for training Ss in the escape-from-conflict con- 
dition, except that each presentation of the con- 
flict-inducing stimulus or the substitute stimulus 
was immediately preceded by a warning light of 3- 
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sec. duration. The Ela and E2a Ss were then 
trained to press the center response button to the 
preconflict warning light and thus prevent exposure 
of the conflict-inducing stimulus and go on instead 
to either the Ap or Av stimulus. The warning 
light operated in conjunction with the substitute 
stimulus for control Ss. In the generalization test, 
a preconflict warning light of 3-sec. duration im- 
mediately preceded the one conflict-inducing stimu- 
lus presentation. The E2a and C2a Ss were in- 
formed of the availability of the RavC in the gen- 
eralization test, while Ela and Cla Ss were not. 
A postexperimental questionnaire was adminis- 
tered to check further that responses of pushing the 
button in the generalization test were truly escape 
or avoidance responses on S’s part. The S was 
asked what he thought when he saw the last set 
of faces (or the light), what he thought was the 
function oí the button, and his reason for making 
whatever response he did on the last trial. 


RESULTS 


Escape from conflict—The assumptions 
that experimental Ss were in conflict and 
did learn an ResC in the original situation 
can be shown to be met sufficiently by the 
criterion of an ResC on each of the final 
three training trials with the conflict stim- 
ulus. Of the six experimental Ss (three 
from each group) who failed to meet the 
criterion apparently at least three did so 
not because of insufficient learning, but be- 
cause they were not in sufficient conflict 
since when called upon to give the escape 
response in the generalization test these Ss 
did give the response. Equal numbers of Ss 
from each group who met this criterion indi- 
cate comparability of the two experimental 
groups with regard to ability and practice. 
That the ability and practice of control 
groups is comparable is demonstrated by the 
fact that all Cle Ss and all but one C2e S 
made the substitute response on each ex- 
posure of the third geometric design in the 
training situation. 

An indication of whether the generaliza- 
tion test situation elicited approximately 
equally strong incompatible response tend- 
encies is to be seen in S’s behavior when 
faced with the test conflict stimulus. Col- 
umns 2 and З of Table 1 show that of the 35 
Ss who did not escape from the conflict, 9 
chose to make the first Ap response and an 
equal number made the second response. 
Seventeen Ss, mainly control Ss, evidently 


Pe 
А 


ESCAPE AND AVOIDANCE ОЕ CONFLICT-PRODUCED DRIVE 81 


TABLE 1 
NuMBER or Ss MAKING VARIOUS RESPONSES ON THE GENERALIZATION TEST AND QUESTIONNAIRE 
Avoidance condition 
Escape condition "mm s 
Av response before conflict stimulus Mx 
Grou stimulus 
roup 
Response Response 
Av Ques- 
response | tionnaire 
Escape | Ap 1 | Ap2 | Both | „99,1 Ак | Escape| Ap 1 | Ap 2 | Both | ‚Оче: 
E1 | Yes 6 5 yes 6 6 | Yes 7 7 
No 9| 4 4 1 4 No 9 1 4 4 0 5 No 8 4 
C1 | Yes 0 0 Yes 0 0 Yes 2 0 
No 15| 3 i | ui 0 |Noi15| 2 3] 4 | 6 0 | No 13 0 
E2 | Yes 13 12. | Yes 10 10 |Yes11| 10 
^ |No 2| 1 | 1 | 0 0 |Ne 5| 1 | 8 | 1] 0 2 No 4| 2 
C2 Vos 6 6 Yes 3 3 Yes 5 8 
Ne Sj d 3 5 3 No 12 2 2 | 3 5 8 No 10 8 


found the alternatives equally attractive and 
could not resolve the conflict since they made 
both Ap responses (Column 4, Table 1). 

It was predicted that a greater number of 
experimental S's than control Ss would make 
an escape response to the single conflict- 
stimulus presentation in the second conflict, 
the Ap-Ap situation. 

The first column of Table 1 shows the re- 


sponses made by Ss in the various groups in 
the generalization test for escape learning. 
The Cle Ss’ data indicate the result of 
having a third practiced response 
e to make to a third type of stimulus 
on the test trial. While no Cle.S made = 
escape response, it will be noted that six А 
ог 40% of the Ele Ss made the X cm | 
Fisher’s exact probability test (see · ex 
1956) shows the proportions of Ss giv im ihe 
escape response in the two шаш, a on 
nificantly different, Pex = 0084. : 
could be due either to transfer of an escap 
response practiced in the original training or 
to S's transfer of the information a Я 
escape response is available. The effec prs 
providing S with such information In = 
generalization test is tested in the next co 
parison. 

The C2e Ss’ data indicate the bn 
being informed of the availability and dn 
tion of the third button as an escape from- 
conflict response in the generalization test. 


merely 
availabl 


effects of 


Providing this information to C2e and E2e 
Ss increased the number of escape responses 
made by both groups, but by a greater 
amount in E2e. Now 40% of the C2e Ss 
gave the escape response while almost 87% 
of the E2e Ss gave that response. This dif- 
ference in proportion, tested by Fisher’s 
exact test, was found to be significant, pox = 
.0104. 

The postexperimental inquiry provided 
the data in Column 5 of Table 1 which shows 
the number of Ss who did or did not have 
knowledge of the function of the escape but- 
ton. The Ss who made an escape response 
generally also knew the function of the but- 
ton and responded with knowledge of the 
consequences. It is noteworthy that some 
Ss knew what the button was for but chose 
not to use it. 

The obtained differences in both escape 
response and questionnaire data clearly sup- 
port predictions regarding escape from con- 
flict. It can be concluded that the observed 
transfer effects are due to prior learning of 
an ResC associated with CP drive cues 
since stimulus generalization has been ruled 
out, and tendencies to make a third response 
to a third type of stimulus, practice effects, 
and effects due to added information have 
been controlled for in the control groups. 


Although 40% of the Ele Ss and C2e Ss 
gave the escape response in the test, there are 
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jualitative differences in the responses made 
y Ss of the two groups. Note in Table 1 
hat while all but one of the nonescaping Ele 
Ss made single approach responses, à pre- 
ponderance of the nonescaping C2e Ss made 
double approach responses, contrary to in- 
structions but consistent with unresolved 
conflict behavior predictions. Nonescaping 
experimental Ss resolved conflict rather than 
give double responses. 

Avoidance of conflict—The assumptions 
that experimental Ss were in conflict and did 
learn an RaxC in the original situation were 
verified for most Ss. Ten Ela Ss and 12 
E2a Ss met the criterion of making an avoid- 
ance response on each of the final three train- 
ing trials with the preconflict warning signal 
in the training phase, indicating comparable 
training and practice for the two groups. 
Of the 8 Ss who failed to meet the criterion, 
apparently at least 2 did so because they 
were not in sufficient conflict rather than be- 
cause of inadequate learning since when 
called upon to give the RavC in the generali- 
zation test, these Ss did give the response. 

That the ability and practice of control Ss 
is comparable is demonstrated in that all 
control Ss made the substitute response on 
each exposure of the warning light and third 
geometric design in the training situation. 

The approximate equality of response tend- 
encies elicited by the generalization test 
conflict stimulus can be inferred from the 
equal numbers of Ss who made each of the 
two Ap responses. Columns 8, 9, and 10 of 
Table 1 show that 12 Ss responded with the 
first Ap response, 12 Ss responded with the 
second Ap response, and 11 Ss evidently 
found the alternatives equally attractive and 
could not resolve the conflict. 

Two criteria of avoidance responses are 
possible for use in the generalization test. 
True RavCs are those made while the pre- 
conflict warning light is on and the response 
prevents appearance of the conflict-inducing 
stimulus; a less stringent criterion includes 
responses made to the warning light plus re- 
sponses made during conflict-stimulus 
exposure. 

It was predicted that a greater number of 
experimental Ss than control 55 would make 


an RavC to the preconflict warning signal in 


the test situation. Column 6 of Table 1 
shows the number of Ss who made an RavC 
in the generalization test. The Cla Ss' 
data indicate the result of merely having a 
third equally practiced response available to 
make to a third type of stimulus on the test 
trial. None of the Cla Ss made an avoid- 
ance response to the preconflict warning 
light, while 40% of the Ela Ss made such 
a response. Fisher’s exact test shows the 
proportions of Ss in each group giving the 
avoidance response to be significantly differ- 
ent, Pex = .0084. This result could be due 
either to transfer of an RavC practiced in the 
original training or to S’s transfer of the in- 
formation that the RavC was available. In- 
formation effects were tested in the following 
comparison. 

The C2a Ss' data indicate the effects of 
being informed of the availability and func- 
tion of the third button as a means of making 
an RavC in the generalization test. Twenty 
percent of the C2a Ss made an RavC to 
the preconflict warning light, while 67% of 
the E2a Ss made such a response. Fisher's 
exact test shows the proportions of Ss giv- 
ing the avoidance response in the two groups 
to be significantly different, pex = .0241. 
Thus while providing Ss with the informa- 
tion about the availability of avoidance ap- 
pears to increase the likelihood of responding 
in the test, the differences between experi- 
mental and control Ss are maintained under 
these conditions. 

The postexperimental inquiry showed 
most Ss who made an RavC had knowledge 
of the function of the avoidance button as 
indicated in Column 11 of Table 1. Note also 
that six experimental Ss and eight control Ss 
knew the function of the button but chose not 
to use it. 

The obtained differences in both RavCs 
and questionnaire data clearly support pre- 
dictions. The observed transfer effects are 
due to prior learning of an RavC associated 
with CP drive cues since simple stimulus 
generalization cannot account for the data, 
and tendencies to make a third response to a 
third type of stimulus, practice effects, and 
effects due to added information have been 
controlled for in the control groups. 


The above conclusions are not dependent 
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on having chosen a strict criterion of avoid- 
ance to apply. The same interpretation 
could be made when responses to the pre- 
conflict warning signal and responses after 
presentation of the conflict stimulus were 
considered. Two Cla Ss made an RavC 
under the less strict criterion and 7 Ela Ss 
made such a response. Fisher’s exact test 
showed the probability of such a difference 
between proportions to be .0610. Tocher’s 
modification (see Siegel, 1956) was used to 
determine whether the obtained difference 
between proportions could be expected to 
exceed the .05 level of significance but that 
the exact probability was greater than 05 
in this case due to the vagaries of sampling 
discrete occurrences. Tocher’s modification 
showed that under repeated sampling and 
analysis, one could expect the difference be- 
tween proportions of Ss in each group mak- 
ing the avoidance response to be significant 
at the .05 level. Under the less strict cri- 
terion for avoidance responses, five C2a Ss 
made an RavC on the test, and 11 E2a Ss 
made the response. Fisher's exact test shows 
this difference between proportions to be sig- 
nificant, рех = .0355. 

Additional questionnaire data.—The re- 
sponses to the postexperimental | question- 
naire were examined for possible indications 
that S had made a test response either be- 
cause he thought he had been instructed to 
or because 5 inferred that E desired him to. 
In no case did an experimental S indicate 
that he thought the presence ofa combine 
stimulus should be responded to by Eu 
the button simply because it was bep 24 , 
пог did any experimental S ш dn 
thought E wished him to press the be А 
No control 5 indicated that he had re dips 
from using the button in the test е 
thought Е would not wish him to, or ne m 
he thought he had been instructe 


use the button. 
DISCUSSION 


Egger and Miller (1960) hav а 
* бо specifically an escape eg et 
engaged in when made available in an | M uo 
conflict. The strategy of this study was to E 
ther test behavioral predictions to de 
theory of CP drive. The positive results 


e reported that 


tained clearly support the predictions and dem- 
onstrate that CP drive cues can mediate the 
generalization of ResCs and RavCs acquired 
in an initial conflict to a new and different 
conflict. The highly generalizable nature of re- 
sponses learned to CP cues is pointed out by the 
fact that the responses trained under the present 
procedures generalized to an Ap-Ap conflict. 
Ordinarily the ResC or RavC given by these Ss 
would not be expected to occur in an Ap-Ap 
conflict, but, instead, resolution of conflict 
would be predicted. Since removal or preven- 
tion of the conflict-inducing stimulus reinforced 
original learning, and the generalized responses 
accomplished the same purpose, it can be in- 
ferred that the state of conflict itself had 
aversive properties which motivated Ss to make 
the responses learned te the earlier but different 
conflict. 

The question might be raised as to whether 
the test situation was a pure Ap-Ap conflict or 
a double Ap-Av conflict since 27 control Ss 
and 1 experimental S made double, vacillatory 
Ap responses in the generalization test. How- 
ever, of the 25 experimental Ss who failed to 
generalize, only the 1 gave any evidence of the 
situation being other than an Ap-Ap conflict 
for experimental groups. Therefore, the con- 
clusions of this study still stand as stated since 
they are based on the occurrence of ResC of 
RavC made by experimental Ss. 

In addition to theoretical significance, there 
are procedural implications of this study. One 
particularly important implication is that when- 
ever conflict behavior of a human S$ is in- 
vestigated, E must have some index of that 
S's characteristic learned way of responding to 
conflict itself, regardless of type. The fact that 
six C2e Ss made an ResC and three C2a Ss 
made an RavC in the test conflict merely upon 
being given the information that the response 
was available indicates that even children are 
likely to have sufficient past learning to conflict 
to affect behavior in conflict situations. 
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NORMATIVE AND IDIOSYNCRATIC SOURCES 
OF RECALL AND MISRECALL 


DAVID C. HOWELL? 


Tulane University 


This study investigated the relative contribution of normative and idiosyn- 


cratic free association hierarchies to prediction of recall and misrecall. 
Day 1 all Ss free associated three times to each of 15 stimuli. 
later the normative group studied two lists of normative secondaries. 


On 
Thirty days 
The 


idiosyncratic group studied the same first list, but then studied their own 


idiosyncratic secondaries in the second list. 


for stimulated recall of the second list. 


the original stimuli used on Day 1, thereby producing reliability data. 


Both groups were then asked 
Finally all S's free associated to 5 of 
The 


results showed that normative data have a definite advantage over idiosyn- 


cratic data as an experimental tool. 


Low-probability idiosyncratic secondaries 


were found to be responses with both low reliability and low recallability, the 
level of recall varying directly with the reliability of the response. Normative 
and idiosyncratic hierarchies had equal intrusion rates. 


Those working with free association (FA) 
norms have generally made the assumption 
that there is a close correspondence between 
FA response hierarchies as tabled in FA 
norms and the response hierarchies of any 
given individual, an hypothesis which has 
never been thoroughly investigated ( Deese, 
1962). A recent study related to this prob- 
lem by Bilodeau and Howell (1968) con- 
cerned the question of normative and idio- 
syncratic prediction of recall. They used 
two groups of Ss. The Ss in one group 
studied normative primaries (Rıs) and sec- 
ondaries (Rəs) to given stimulus words. A 
primary and secondary were defined as the 
first and second most common associates to 
a given stimulus in FA. The Ss in the 
second group studied their own a 
primaries (T;s) and secondaries (Iss) to the 
same five stimuli. Here a primary was de- 
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fined as S's first associate to each stimulus 
in continued FA, and a secondary was his 
second association to each of those stimuli. 
They found that recall of idiosyncratic secon- 
daries was significantly better than recall of 
normative secondaries. This study employed 
the method of stimulated recall (Bilodeau, 
Fox, & Blick, 1963) in which S is asked 
for recall of the items in the presence of the 
stimuli originally eliciting them in free asso- 
ciation. 

The above findings might suggest that an 
idiosyncratic I, has a much higher associative 
strength for the individual who produced it 
than a normative R,. It could be argued, 
however, that the conclusions of this study 
may be applicable only to the time interval 
existing between the FA and study-recall 
tasks. Bilodeau and Howell (1968) re- 
quired S to produce his idiosyncratic asso- 
ciates immediately prior to the study-recall 
task, and this may have meant that the study 
took advantage of momentary fluctuations 
in S’s hierarchy. Also, the idiosyncratic 
group (Group I) produced the responses 
they then studied, whereas the normative 
group (Group N) did not (Group N simply 
copied the responses to be studied later). 
This may have meant that Ss in Group I 
could more easily differentiate the two lists 
they studied than could Ss in Group N. 

One solution to these problems would be 
to increase the interval between the FA and 
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study-recall tasks and to remove the Ris 
and 1,5 from the first list. Doing this focuses 
the interest directly on the recallability of 
normative and . idiosyncractic secondaries, 
with only minimal importance given to the 
influence of the FA task itself and to the 
presence of the first list. 

Bilodeau and Howell (1968) were also 
able to show that when a third group of Ss 
free associated but then studied and recalled 
another S’s responses, a high proportion of 
the misrecalls (53%) could be traced to S’s 
own idiosyncractic hierarchies. Here again 
the temporal proximity of FA and study-re- 
call tasks may be a significant factor in the 
results, and data obtained with a longer 
interval between the two tasks are needed. 

If a longer interval is inserted between FA 
and study-recall, it becomes necessary to ob- 
tain some measure of the reliability of idio- 
syncratic hierarchies. The present study ex- 
tends the work on reliability (Brotsky & Lin- 
ton, 1967; Hall, 1966; Jung, 1967) to con- 
sideration of S’s first three associates (1,3). 
This is a necessary extension since the data 
presently available only show the probability 
with which a word occurs as an I, on two 
successive occasions. What is needed is in- 
formation on whether or not a word is still 
near the top of S’s hierarchy on the second 
FA session, regardless of whether it is an 
I, an I, or an Ys. 


МЕтнор 


Subjects—A total of 133 undergraduates from 
the introductory psychology course at Tulane Uni- 
versity served as Ss in one intact group. The 
study was run in two sessions, separated by a 
1-mo. interval. After voiding, which was primarily 
due to absence from class on the second test session, 
there were 51 Ss in Group N and 44 Ss in Group I. 

Apparatus —The first part of the study employed 
the continued FA booklet developed by Bilodeau 
and Howell (1965). This booklet contained four 
pages—a cover page and three FA pages. On 
the FA pages were five stimuli repeated three 
times, each time followed by a line on which S’s 
response was to be written. The Ss were instructed 
to give three different responses to each stimulus 
before proceeding to the next stimulus and were 

allowed 2 min. per page to produce their responses. 
The stimuli were selected from those having low 
normative p(R:), and thus relatively flat response 
distributions, in the Bilodeau and Howell norms, 
and intralist associative relationships were mini- 
mized. Word order and page order were varied by 


means of two Latin squares to control for possible 
sequence effects. 

The testing session, 1 mo. later, employed a six- 
page verbal booklet as developed by Bilodeau et al. 
(1963). The first page of the booklet was a cover 
page. The next two pages (A and B) each con- 
tained five words, with the instructions to "Study 
the words shown below." The fourth page was а 
vowel cancellation page, which served as an inter- 
vening activity. The fifth page requested stimu- 
lated recall of the five words studied on Page B. 
This page contained five lines on which Ss were 
to write the items to be recalled. To the left of 
each line was printed the stimulus which had 
originally elicited the item in FA. The sixth was 
an FA page similar to those used in the first ses- 
sion. Two word orders were used to control for 
possible sequence effects. 

Procedure-—In the first session, Ss were given 
the FA booklets and asked for their associates to 
each of the 15 stimuli. Five of these stimuli were 
then selected for use in the second part of the study, 
and were the same words as those used by Bilodeau 
and Howell (1968). One month after the adminis- 
tration of the FA booklets the same Ss were as- 
signed to two groups and given the verbal booklet 
described above. Both groups studied Rss to 5 new 
stimuli on Page A. The groups differed on Page 
B, however, where Group N studied the Res to the 
5 stimuli selected from the original FA task, and 
Group I studied their own Ls to these same stimuli, 
as assessed in the previous FA session. Both 
groups studied Pages A and B for 20 sec. per page, 
vowel concelled for 2 min. on the next page, and 
were then asked for stimulated recall of the words 
on page B. The only difference between the two 
groups, then, was the source of the words studied 
on Page B. 

After the recall task, Ss were asked to free 
associate again to five of the stimuli used in the 
FA session, but unrelated to those used in the 
study-recall task. No mention was made in the 
instructions of the relationship between this task 
and the earlier FA task, and 5 was free to respond 
in any way he desired. 


RESULTS AND DISCUSSION 


The recalled items were scored in two 
ways. One method required that the re- 
sponses be classified in terms of their posi- 
tion in FA norms. Under this procedure 
there were nine scoring classifications used : 
Correct (a correct word in the correct 
place), Ri, Rə (applicable for Group I 
only), Кз, Ren, Same (a Page B word re- 
called out of sequence), Other (an intrusion 
from Page A), Remainder (none of the 
above), and Blank. The results of this 


analysis are presented in Table 1. Since 
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TABLE 1 
RECALL AS SCORED BY NORMATIVE SOURCE 


Group Correct Ri R: R: К;-2 Ѕате Other Remainder Blank 
N 63 .08 — .02 14 .01 .02 .07 .02 
I .50 .07 .03 .03 19. .04 .05 .08 .00 


associative information was available for 
each S, the data could also be scored in terms 
of position in Ss' idiosyncratic hierarchies 
by attributing incorrect recalls to 11, I» (for 
Group №), Is, or unknown sources (all else). 
This analysis is presented in Table 2. 

An analysis of between-group differences 
in terms of number of correct recalls per S 
failed to produce a significant result, F (1, 
93) = 3.88, .10 > р> .05. This result was 
not altogether unexpected since there can be 
considerable overlap between the items 
studied by the two groups. An S’s idiosyn- 
cratic response can also be an Re, and an Ro 
can be an 5° idiosyncratic response. To the 
degree to which this overlap occurs, any 
differences between the treatments will be 


reducéd. р : 
In terms of incorrect recalls, inspection of 


Tables 1 and 2 reveals that neither norma- 
tive Rs nor Ras played a disproportionate, 
or even important, role as sources of intru- 
sions. The same can be said of the T; and Is 
on since the rate of I; and Is intru- 
sions was approximately the same for both 
groups and, like Ri and Rs, relatively low. 
The В, and Кз intrusion data are in agree- 
ment with other studies using this class of 
stimuli (Bilodeau et al, 1963). The fact 
that the numbers of I, and J, intrusions were 
approximately equal and were of еН p» 
same magnitude as Ri and Кз mig! | 

taken to mean that, for these stimuli, the 
distribution within idiosyncratic Ln din 
corresponds rather well to predictions base 

on normative data, and therefore p(Rı) is an 
adequate estimate of p(11)- On the other 


comparis 


TABLE 2 
RECALL As Sconzp nv IprosvNCRATIC SOURCE 
Group orent " I: n АП else 
N 63 .07 03 .02 25 
I о | 0 | — | 04 | 3 


hand, an alternative explanation would main- 
tain that normative hierarchies may or may 
not reflect idiosyncratic hierarchies, but that 
the instability of idiosyncratic hierarchies 
over time is the reason for the low rate of 
intrusions accounted for by I; and Is. Ifa 
hierarchy, as assessed on Day 1, is no longer 
representative of the individual’s hierarchy 
on Day 30, one would expect poor predict- 
ability of intrusions. 

If recall data are analyzed in terms of the 
idiosyncratic and normative characteristics of 
the words to be recalled, some important re- 
lationships emerge. The most interesting 
data are related to the items studied by 
Group I. Instead of simply examining the 
items which were actually recalled, it is in- 
structive to consider what words Ss in 
that group studied and then to ask how re- 
call varied across certain properties of these 
words. For this group E had very little con- 
trol over the selection of items since S was 
free to give any word he wished as an 
associate on Day 1. However, it is possible 
to classify these words in terms of their 
position in normative hierarchies. 

Figure 1 presents the data for Group I in 
terms of the normative ranks of the words to 
be recalled. As can be seen from this figure, 
when the word to be recalled was one of the 
three highest members of the normative 
hierarchy, the probability of recall was 
reasonably high (р = .65). Approximately 
the same level of recall was obtained here 
as in Group N, where all Ss studied Ros. 
However, when the to-be-recalled item was 
either a low-probability associate (Ryn) or 
a word which was not found in the norms 
(Remainder), the probability of recall was 
substantially lower, decreasing as norma- 
tive probability decreased. 

The results shown in Fig. 1 might be ex- 
plained simply on the assumption that when 
S is asked to retrieve a low-probability asso- 
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ciate, he experiences difficulty because the 
stimulus, which is presented as an aid to 
recall, would not be expected to strongly 
elicit that item as an associate. However, Ss 
in this group studied their own Tos, words 
which had originally been elicited by the 
stimulus, and it would be assumed that the 
stimulus would again elicit the required re- 
sponse, producing correct recall. 

The results present a problem which can 
only be answered by reference to reliability 
data. It is possible that the recall of an 
idiosyncratic response declines as a function 
of its normative rank due to a reordering of 
the idiosyncratic hierarchy. 

Figure 2 presents FA reliability over the 
1-mo. interval as a function of the normative 
rank of the idiosyncratic response. The 
solid line in Fig. 2 represents the average 
reliability of all three responses (Iia) given 
on Day 1, and the broken line represents the 
reliability of only the Iss. In all cases a 
word was scored as a repetition if it occurred 
in any of the three positions on Day 30. 
From this figure it is apparent that re- 
liability decreases as normative probability 
of the response decreases, even though 
these stimuli are characterized by relatively 
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Ес. 1. Group I recall as a function of the norma- 
tive identification of the words to be recalled. 
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Fic. 2. FA reliability as a function of the norma- 
tive rank of the idiosyncratic response. 


Rem 


flat response hierarchies.* The parallelism 
between Fig. 1 and 2 is unmistakable and 
supports the suggestion that recall of idio- 
syncratic items varies with normative 
probability as assessed on Day 1 because 
idiosyncratic hierarchies no longer adequately 
represent idiosyncratic hierarchies on Day 
30. If S originally gave a normatively high- 
probability response, that response is likely 
to be high in his hierarchy 1 mo. later, and 
it is also likely to be recalled. On the other 
hand, if S produced a normatively low- 
probability response, that word is not likely 
to remain high in his hierarchy, and it is 
also not likely to be recalled. 

However, the data for Group N suggest 
that high-probability normative responses 
can be well recalled even when they have not 


зе is of interest to note that these reliability 
values agree reasonably well with those of other 
investigators (Braun, Constantini, Link, & Ehmer, 
1967; Brotsky & Linton, 1967; Fox, 1965; Hall, 
1966). The average probability of repeating an 1, 
was .49 and of repeating an I. was .33. 
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IDIOSYNCRATIC IDENTIFICATION 


Fic, 3. Group № recall as a function of the idio- 


syneratic identification of the words to be recalled. 


been produced by 5. Figure 3 presents re- 
call of Res as a function of their position in 
S's idiosyncratic hierarchy, and it can be 
seen that although recall varies with idio- 
syneratic rank, the recall of an К» which is 
not in S's hierarchy is still high relative to 
recall of a nonnormative word (sce Fig. 1) 
which is in his hierarchy. Normative Res 
appear to act as if they were S's associates 
even though he did not write them down as 
responses, This could have been antici- 
pated, Ros are words which should appear 
to S to be obvious associates of the stimuli 
even if he did not happen to think of them. 

herefore, a presentation of ап Кз on Page 


B would be expected to raise the associative 


strength of that item more than the presenta- 
tion of an unreliable remainder word would 
raise the probability of that item. For ex- 
ample, ап S who studied his I» stof 9" Page 
B would be expected to be less likely to recall 
it or produce it in the presence of the stimu- 
lus WORKING than would an 5 who studied 


the Re labor. Support for this assertion can 

be found in a study by Fox (1968), who 

showed FA behavior to be affected by pre- 
exposure of an Ro. 

These data would suggest that a certain 
advantage accrues to the use of normative 
data, especially the three most probable re- 
sponses (Куз), when a reasonable interval 
is involved between data collection and the 
time these data are to be used. Whereas 
idiosyncratic data consist of a collection of 
responses with varying probabilities and re- 
liabilities, normative items can be selected as 
to probability and reliability. If one uses 
normative responses it is possible to control 
items and to some extent their reliabilities, 
and as a result, the levels of recall can be 
controlled. Using idiosyncratic data, how- 
ever, E lacks control over the items to be 
presented, their reliabilities over time, and 
therefore the expected level of recall. This 
is not to say that idiosyncratic information is 
not important, however, since Bilodeau and 
Howell (1968) have shown it to be of 
considerable value when the FA-study-recall 
interval is short. 

The results of this study have shown that 
there is a relationship between the reliability 
of free associates and their recall, and also 
that normative data appear to have a definite 
advantage over idiosyncratic data as an 
experimental tool when an appreciable in- 
terval separates the FA session from the 
study-recall session. At this time these con- 
clusions have only been shown to apply to 
the use of common associates. The possibil- 
ity remains that idiosyncratic responses may 
be preferable to low-probability normative 
responses low in the hierarchy. This, how- 
ever, is a question which can only be 
answered empirically. 
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IN TRANSFER? 
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Frequency (matching) and novelty principles have been shown previously to 
Operate in transfer tests following paired-associate learning, but not under 
the same stimulus and response conditions. The purpose of the present 
experiment was not only to test for these principles under identical experi- 
mental conditions, but to pair them against each other so that they produced 
opposite response tendencies. Thus, if the response 24, were learned to the 
compound ab and 44; to ac, and ab-A, occurred more often than ac-As during 
training, a test consisting of a alone would be expected to follow the frequency 
principle and of bc the novelty principle. Exact matching of responses to 
reinforcements was obtained only to pooled data, but the opposing effects of 


frequency and novelty were clearly and consistently found. 


Binder and Feldman (1960) and Binder 
(1963) found the operation of a frequency 
principle in a transfer task following paired- 
associate learning. This matching principle 
may be summarized as follows: If two or 
more different responses have been rein- 
forced in the presence of a given cue during 
training, then with any later tests the prob- 
ability that any one of these responses will 
be evoked by the given cue is equal to its 
relative frequency of reinforcement. To il- 
lustrate, Ss in the Binder and Feldman 
study learned to associate nonsense-syllable 
responses with combinations of geometric 
figures, the components of which may be 
conveniently designated by the letters a, D, c, 
etc. If the combination ac always had 41 as 
the reinforced response, the combination ad 
always had A» as the reinforced response, 
and the first combination occurred twice as 
often as the second, to the test cue а 
alone it was found that there were twice as 


тапу A; responses as 45. 2 
Binder an Estes (1966) used a some 
training paradigm, but tested Ss on pairs 
cues, each of which was associated with a di - 
‘rent response during previous training. 
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Thus, if ab were previously paired with А, 
and cd with А», then a test pairing could con- 
sist of ac. Binder and Estes used nonsense- 
syllable pairs rather than geometric figures 
in their training and testing. Where the 
test cues occurred at different frequencies 
during training, a novelty principle was 
found to operate in the responses of Ss to the 
test combinations ; i.e., if, during training, ab 
occurred more frequently than cd, to the test 
combination ac Ss tended to give more Ay 
than A; responses. This finding was con- 
firmed by Binder (1968). 

The purpose of the present experiment 
was to set up a paradigm where frequency 
and novelty principles could operate in a 
symmetrical but opposing manner. The goal 
was to have one cue pattern associated with 
Response A; and another pattern with Re- 
sponse A» and to select symmetric cues from 
the first and second patterns in such a way 
that one selection would produce more A, 
than 45 responses and another selection 
would produce more A» than 4; responses, 


METHOD 


Subjects.—Sixty-four students served as Ss to 
fulfill a requirement for an introductory course in 
social sciences. The Ss were haphazardly dis- 
tributed among eight experimental groups. 

Apparatus—All stimulus materials were pre- 
sented in a fully automated way by means of an 
Iconix (Iconix Inc, Palo Alto, California) con- 
trolled timing and recording system. Stimuli wera 
read into the control unit by means of a Friden 


92 ARNOLD BINDER AND DAVID TAYLOR 


paper tape reader and responses were recorded by 
a Friden paper tape punch. All instructions were 
prerecorded; switching on and switching off of 
the recording equipment was accomplished auto- 
matically by impulses sent to the Iconix control unit 
from the preprogrammed paper tape or the re- 
cording tape, as appropriate. 

Three booths lined with acoustical tile were 
fitted with display and response panels. Each dis- 
play panel contained three digital units manufac- 
tured by Industrial Electronics, two on the left for 
presenting stimuli and one on the right for pre- 
senting responses. The push-button response panel 
contained a speaker on the left (which also served 
as a microphone by which S could communicate 
with E in a separate control room) and a row of 
four numbered buttons on the right. The buttons 
were illuminated during the periods when responses 
were allowed and dark at other times. An auto- 
matic locking system in the button array prevented 
both more than one response and responses at in- 
appropriate times. А small buzzer was located 
above the three booths and served as a warning 
device. 

Stimulus materials—Pairs of nonsense syllables 
were used as learning stimuli and numbers as 
responses in accord with the scheme shown under 
the heading "Response" in Table 2. That is, 
the pair ab was associated with the response i, the 
pair ас with j, de with k, and df with l. Each of 
the stimulus cues a through f shown in Table 2 was 
randomly assigned one of the syllables voP, GAK, 
FUH, TEF, CYQ, ZIR, QAR, BYM, KEC, and each of the 
responses i through / was assigned one of the digits 
1, 2, 3, 4. Four such assignments were made, each 
of which was used in two of the eight experimental 
groups. 

Procedure.—There were two phases to the ex- 
periment, an acquisition phase and a testing phase. 
During acquisition or training, Ss learned syllable- 
digit pairs shown under "Response" in Table 2 by 
anticipation with correction. The timing of events 
during and between trials, all under control of 
preprogrammed paper tape and prerecorded mag- 
netic tape, was as follows: warning buzzer, 1-sec. 
delay, exposure of training compound (4 sec.), 1.5- 
sec. delay without exposure, reexposure of com- 
pound together with digit response (3 sec.), inter- 
trial interval prior to buzzer (3 sec.). The S was 
allowed to respond only while stimuli were actually 
in view. 

There were four blocks in the learning phase and 
each block consisted of 14 trials. There were 14 
because learning compounds and their reverses 
were presented at the following frequencies per 
block: ab-i twice, ac-j once, de-k three times, and 
df-l once. Each stimulus array during learning 
consisted of two nonsense syllables (in both right- 
left and left-right orders per block). During the 
first block the two orders of each syllable pair were 
presented on successive trials while the order of 
presentation of different pairs was randomized. No 
responding was required on the first block. Begin- 


ning with the second block, the order of occurrence 
of each stimulus and its associated response was 
determined completely at random. 

The Ss were given a 60-sec. rest period at the 
end oí the learning phase. Prior to the second 
or testing phase of the experiment, Ss were told 
that new combinations oí previously learned syl- 
lables would be presented along with the old pairs. 
Each S was instructed to select the response which 
he considered to be most appropriate to a new 
combination and to respond to an old pair just as 
he had before. No numbers were shown with new 
stimuli. 

All Ss received an additional block of 14 trials, 
in a manner identical to that of the learning phase, 
following the instructions of the testing phase. The 
subsequent order of test trials (1.е., those trials con- 
taining new combinations of syllables) defined the 
eight experimental groups. The groups may be 
designated X; through X, and Y; through Ү,. Fol- 
lowing the additional learning block, the four X 
groups received another standard learning block 
with the four test trials a—, —a, d—, and —d ran- 
domly inserted among learning pairs. (Note that 
—a was visually different from a— since the 
stimuli were presented on two different display 
units.) The X groups then received a final block 
with the four test trials bc, cb, ef, and fe randomly 
inserted. The Y groups differed from the X groups 
only in that the testing pairs like bc came first and 
the single syllables like a— came second in the last 
two blocks of the testing phase. The subscripts to 
X and Y indicate nonsense-syllable and digit assign- 
ments to the letters of Table 2. 


REsuLTS AND Discussion 


The error rates to the learning pairs for 
each block in the two phases may be seen 
in Table 1. 

Table 2 contains a summary of the re- 
sponses of Ss in Group X, Group Y, and 
both groups combined to the test stimuli, 
Considering Group X, e.g., each S gave two 
responses to the test figures (forward and 
reversed) shown to the left of a given row. 
"Therefore, the sum of entries in each of the 
rows for Groups X and Y is 64 and the row 


TABLE 1 
Error Rates TO TRAINING COMPOUNDS 


Learning phase Testing phase 


Block no.^ Error rate Block no. Error rate 
2 .184 5 .025 
3 .078 6 .038 
4 .023 Ў 027 


a Ss did not respond during Learning Block 1. 
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TABLE 2 
FREQUENCIES OF TEST RESPONSES 
Response* 
Tes No re- 

(ab) | (ae) | (dey | (d 
X a 39 18 2 0 5 
d 2 1 53 8 0 
bc 16 45 0 1 2 
ef 0 1 8| Sst] 1 
Y а 33 28 0 211 
d 1 1 48 12 2 
bc 14 16 0 1 3 
ef 1 4 7 51 1 
Both a 72 46 2 2 6 
d 3 2 | 101 | 20} 2 
be | 30 | 91 0 2| 5 
ef 1 5 15 | 105 2 


^ The letter pairs in parentheses were the cues associated 
with the responses during learning. 


sum for both combined is 128. The no- 
response column speaks for itself. 

There seem to be only two points worth 
making in regard to the error rate shown in 
Table 1. First, it is clear that Ss learned 
the paired associates quite early and well in 
their four learning blocks. And, second, the 
introduction of test trials in the second block 
of the testing phase resulted in an increase 
in the sample values, at least, of the error 
rate. That the introduction of the new type 
of test trial produces some confusion is 
hardly surprising. . 

Since the patterns of results shown in 
Table 2 for Groups X and Y are so similar, 
it is reasonable to use the combined data 
for purposes of analysis. 

The pes of the Binder and Feldman 
(1960) research lead to the expectation of 
responses in the ratio of 2:1 for a and 3:1 
for d. That is, their research supported the 
hypothesis that the relative frequencies 
among appropriate responses to a set of 
cues common to two or more previously 
learned figures tends to equal the relative fre- 
quencies of occurrence of these figures during 
the prior training, While the ratio of i to ] 
responses to Сце a is not in the immediate 
vicinity of 2:1 (actually 15721) and the 
ratio of k tol responses to Cue d is not m 
the immediate Vicinity of 3:1 (actually 
5.05:1), a pooling of the two data sources 


provides a convincingly close fit of predicted 
to obtained results. Thus, the matching rule 
of Binder and Feldman predicts 169.4 high- 
frequency responses (ie., i to Cue a and Ё 
to Cue d) and 69.6 low-frequency responses 
(i.e, j to Cue a and Z to Cue d). The ob- 
tained pooled results were 173 and 66, re- 
spectively. 

To bc and ef combined there were 45 of 
the high-frequency responses and 196 low- 
frequency responses. That is, the novelty 
effect previously reported by Binder and 
Estes (1966) was very much in evidence. 
Consider the specific predictions made by 
the simple model presented by Binder and 
Estes. In that model the sampling prob- 
ability of a cue in a test compound is equal 
to the probability that it did not occur last 
during the previous learning. To illustrate, 
if Cues a and b occurred in the ratio K:L 
during training, the probability of sampling a 
from ab would be L/(K 4- L). Using the 
method of Binder and Estes (1966) and 
Binder (1968), an estimate of the probability 
b of sampling relevant cues from the test 
compounds may be found from 


241 — уд 

749 Р + (1 р), 
where the fraction to the left is the proportion 
of appropriate responses to the compounds. 
An appropriate response results from sam- 
pling relevant cues (with probability р) or 
from sampling irrelevant cues and guessing 
correctly. Therefore, № = .936. Using the 
symbol р [4] for the probability of a novel 
response when the ratio of occurrence during 
learning was 1:1, and p[4r] as the similar 
probability of the more frequent response, 
we have, to be, 


P[As*] = (.936)§ + (.064)1 = .640, 

P[As-] = (.936)4 + (.064)1 = .328, 
and to ef, 

P[As*] = (.936)3 + (.064)1 = .718, 

PLA] = (.936)1 + (.064)2 = .250. 


These lead to a prediction of 169.2 low- 
frequency and 71.8 high-frequency responses, 
which may be compared with obtained re- 
sults of 196 and 45. It is clear that Ss have 
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a stronger than predicted (and also stronger 
than previously obtained) preference for the 
novel or less frequent training cue. 

The pattern of results is clearly counter- 
intuitive. After learning pairs like ab-1 and 
ac-2, the test cues a and bc would seem to be 
identical in terms of response determination. 
The difference may be in the respective selec- 
tion processes involved. In the case of the 
test cue a, S chooses directly between the 
elicited responses 1 and 2. However, in 
responding to bc S chooses between stimuli 
(rather than between responses directly) and 
the selected stimulus then leads to a particu- 
lar response. 

The position generalized from these re- 
sults is that response selection is determined 


by frequency effects and stimulus selection 
by novelty effects. 
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INTERFERENCE IN SHORT-TERM MEMORY? 


GERALD M. REICHER ? 


University of Oregon 


ELIZABETH J. LIGON 
University of Michigan 


AND CAROL H. CONRAD 
University of Oregon 


Two experiments investigated the locus of the effects of acoustic similarity 
in short-term memory. In the first, acoustic similarity of words making up 
the to-be-remembered list was varied independently of the acoustic similarity 


between the correct and incorrect response alternatives. 


The results indicate 


that Ss are more likely to choose the alternative which is similar to the 


greatest number of items in the list. 


A second experiment using a one- 


alternative yes/no procedure attempted to insure that the effects were not due 
to a guessing strategy and to allow the use of the signal detectability measure 
of sensitivity. Similarity within the list was shown to increase both hit and 
false-alarm rates resulting in an overall loss of sensitivity. 


It has become clear that certain types of 
interference are effective in producing dec- 
rements in short-term memory. Conrad 
(1964) has shown that acoustic similarity 
of visually presented stimulus material 
causes decrements in performance in immedi- 
ate memory tasks. Wicklegren ( 1965) 
has shown that the acoustic similarity of the 
material interpolated between stimulus ma- 
terial and the cue for recall affects short- 
term forgetting. Keppel and Underwood 
(1962) have shown that information pre- 
sented prior to an item which is to be re- 
called decreases performance in а short- 
term memory task. A pure trace decay 
theory of forgetting needs additional TA 
sumptions to handle these effects. The 
assumptions generally made are that simi- 
lar items create more noise in the system 
from which selected items must be retrieved 
than do dissimilar items. Within this itame- 
Work, two possibilities have been suggeste 
(Posner & Konick, 1966). A response 
Competition (or trace comparison) theory 
might assume that the interference effects 


This research was supported by the Mies ge 
Research Projects Agency of the Геран Ms 

efense and was monitored by the Air арен 
ОЁ Scientific Research under Contract No. shale 
67-C-0099, Тһе authors would like to. Milt 

ichael Posner and Richard Haller for their SUE 
Bestions, 

? Requests for reprints should be sent 
M, Reicher, Department of Psychology, 

Or egon, Eugene, Oregon 97403. 


to Gerald 
University 


of acoustic similarity do not affect the rate 
that information decays, but only the diffi- 
culty of making the discrimination between 
the correct item to be remembered and 
the incorrect response alternatives. Thus, 
for any given trace strength, a B would be 
more difficult to distinguish from a D than 
from a Q. The list interference or “acid 
bath" model (Posner & Konick, 1966) sug- 
gests that the rate of trace decay is faster as 
a result of increased similarity (analogous 
to using stronger acid in the process of 
trace decay) or of increased stimulus size 
(analogous to using more acid). Posner 
and Konick's data seem to indicate that 
interference is active during the retention in- 
terval rather than at the time of recall and 
depends more on time in store than on the 
strength of the trace. These results support 
their acid bath model in favor of a response 
competition model. Their conclusions, how- 
ever, rely primarily on the lack of a signifi- 
cant interaction, and although there is sup- 
port from other data in their experiments, 
it would seem that a more direct test of the 
relative effects of list interference and re- 
sponse competition would be desirable. 
The two important features of the acid 
bath model (similarity and decay effects) 
are much like those of a model proposed 
to explain generalization (Shepard, 1958) 
and forgetting in a recognition memo 
task (Shepard, 1961; Shepard & Teghtsoon- 
ian, 1961). This model suggests that the 
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generalization gradient is a function of 
spatial proximity of central nervous sys- 
tem representations of stimulus or response 
events. In some given period of time (or 
alternatively in some number of trials or 
presentations), there is some probability 
that the trace representation of a particular 
stimulus will migrate to the location of the 
representation of another stimulus. - This 
probability varies directly as a function of 
the distance between the two representa- 
tions. The decay feature of the model is rep- 
resented by one minus the probability that 
a trace representation will remain active 
in memory during a given time. Thus, the 
strength of a particular trace is a function 
of the likelihood that a stimulus has activated 
its internal representation, the likelihood that 
a trace has migrated to its internal represen- 
tation, and the likelihood that the traces from 
these two sources have persisted. The dif- 
ference between the acid bath and the gen- 
eralization models is primarily that the 
acid bath model does not specifically allow 
for incrementing trace strength of items 
which have not been presented. The gen- 
eralization model explains the effects of 
similarity by these increments of trace 
strength of incorrect items during and fol- 
lowing introduction of similar material. The 
acid bath model explains similarity effects by 
decrements in strength of the correct item 
following introduction of similar material. 
Both models would predict that list interfer- 
ence would be an important factor in for- 
getting. 

Finally, response competition and list in- 
terference are much like the interference 
theory constructs of response competition 
and unlearning. The authors will not at- 
tempt to choose between interference theory 
and the decay theories presented above in 
this paper, but instead will concentrate on 
the distinction between response competi- 
tion and list interference. 

One way of accomplishing a direct test of 
the notions of response competition and list 
interference would be to provide Ss with 
stimulus lists which vary in the amount of 
acoustic similarity (list interference) while 
independently providing recognition re- 
sponse alternatives which vary in acoustic 


similarity. Thus, list similarity would pre- 
sumably not be confounded with response 
competition because S need consider only 
those response alternatives which are pro- 
vided. The list interference versions of de- 
cay theory would predict that the high-simi- 
larity lists would be more interfering so 
that poorer performance should be expected 
in the recognition task in this condition. 
The response competition version would sug- 
gest that similarity between the response 
alternatives would be the most important 
factor in producing forgetting. Notice that 
the generalization model can explain some 
amount of response competition as opera- 
tionally manipulated in this experiment. 
Competition at the time of responding should 
occur as a function of introduction of re- 
sponse alternatives which might be mistaken 
for items which had appeared in the list. 
Of course, it is possible that both types of 


interference will be important in short-term 
memory. 


EXPERIMENT I 
Method 


Subjects.—The Ss were 24 students at the Uni- 
versity of Oregon obtained from the employment 
office. They were paid $1.50 for their participation. 

,Procedure.—Each S was given the following 
directions before beginning the experiment : 


You will be listening to a series of words on the 
tape recorder, using these earphones. You are to 
repeat aloud each word as soon as you hear it. 
It is important that you repeat as many of the 
words as possible. Remember, you are to say 
the word as soon as you hear it. 


Each S was then given four-eight practice trials to 
become accustomed to the task of repeating 
(shadowing) words. Practice trials were termi- 
nated as soon as S had correctly shadowed one 
list of 16 words or had shadowed two lists with 
only two errors. The rate of presentation of the 
words in the practice and experimental sessions 
was 100 words per minute. Then each S shadowed 
72 lists of words, varying in length from 16 to 20 
words per list. At the end of each list E stopped 
the tape recorder and asked S to turn over a card 
with two words printed on it and indicate, by 
pointing, which of the two words was in the list 
that he had just repeated. Each card had one cor- 
rect and one incorrect response. Responses were 
recorded by E and S was unable to see his previous 
^ Shadowing errors were also recorded 
by E. 


Materials—Six different sets of 36 lists were 
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used, with eight Ss shadowing Sets 1 and 2, eight 
shadowing Sets 3 and 4, and eight shadowing Sets 
5 and 6. Within each group of Ss, half began with 
Sets 1, 3, or 5 and half began with Sets 2, 4, or 6. 
The Ss were given a short rest period between the 
two sets of lists. 

Within each set, 12 lists contained 16 words, 12 
contained 18 words, and 12 contained 20 words. 
The critical word, ie, the word which S was 
required to identify as being in the list, was always 
thirteenth from the end of the list, placing it in the 
fourth, sixth, or eighth position depending on the 
length of the list. 

All of the words had only one syllable and all 
were words commonly used in the English language. 
Each list had two groups of five or six words 
which rhymed with or began with the same letter 
as a key word. For example, the words neat, heat, 
seat, nod, and nut constitute a group of five, with 
neat as the key word; mad, sad, pad, back, bell, 
and book constitute a group of six with bad (not 
in the list) as the key word. The words of a group 
were randomly placed in the last 13 positions in a 
list. The remaining words in a list did not 
rhyme with or begin with the same sound as any 
other word in that list. 

Lists were divided into six different types, 
based on the response alternatives from which S 
had to choose the word in the list. Thus the 
correct alternative was acoustically similar to 
(confusable—rhymed—with) a group in the list 
(Cr) or not (Cn), the incorrect alternative was 
acoustically similar to (confusable with) a group 
in the list (Ir) or not (In), and the two alterna- 
tives were similar to (confusable with) one another 
(Br) or not (Bn). The six types of lists were 
CrIrBn, CnInBn, CrIrBr, CnInBr, CrInBn, and 
CnIrBn. 

Set 1 contained 36 lists with six of each of the 
list types in random order. In Sets 3 and 5 the 
lists and to-be-remembered words were changed 
slightly so that they would represent different 
Conditions than they did in Set l. Sets 2, 4, and 6 
Contained the same lists as Sets 1, 3, and 5, re- 
Spectively, except that the incorrect response alter- 
natives in the odd numbered sets became the correct 
Tesponse alternatives in the even numbered sets. 
Each S received two of these sets and thus con- 
tributed up to 12 observations on each type of list. 

ata are not presented from trials on which the 
Critical item was not shadowed correctly or from 
trials on which S intruded the incorrect response 
alternative during shadowing. 


Results and Discussion 

Table 1 shows the overall proportion of 
errors for those trials on which 5 shadowed 
the critical item correctly. Significance d 
the results was assessed by a single factor 
analysis of variance with repeated measures. 
^M arcsin transformation was performed on 


TABLE 1 


PROPORTIONS OF ERRORS AND STATISTICAL Сох- 
TRASTS AS DETERMINED BY THE NEWMAN- 
KEULS METHOD oF MULTIPLE 
CoMPARISONS 


CnIrBn | CrirBn | CrIrBr | CnInBr | CnInBn | CrInBn 


:615 .345 293 -250 .166 .107 


Note.—For those conditions which are not underlined by a 
common line, p < .005. For those conditions which lie over the 
end points of a common broken line, p < .05. 


the raw data—proportions of errors—for the 
purposes of statistical testing. After deter- 
mining the main effect, F (5, 115) — 31.00, 
р < .001, the Newman-Keuls method was 
used for testing the differences between the 
means of the transformed data. 

Since each S had two replications of the 
design, the data were broken down by first 
half and second half of the experiment in 
an attempt to evaluate progressive effects. 
The ordering among the groups was the 
same for the first and second halves of the 
experiment with one exception. Perform- 
ance on Cond. CnInBr was worse in the first 
half and better in the second half of the ex- 
periment than performance on Cond. CrIrBr. 
Overall, performance on the first half was 
somewhat better than performance on the 
second half. 

Examination of Table 1 shows that the 
data do not support the most obvious pre- 
dictions of the acid bath model taken by 
itself. For example, memory for the criti- 
cal letter in Cond. CnIrBn is not easier than 
in Cond. CrlrBn, but rather the opposite 
seems true. In fact, performance on Cond. 
CnIrBn is poorer than chance performance 
(p < .05 assessed by a sign test? comparing 
each S’s proportion of correct responses with 
50). Тһе same tendency appears in the 
comparison between CnInBn and CrInBn. 
Thus, having an item to be remembered em- 
bedded in similar items in a recognition task 
does not reduce the chance that the item 
will be recognized. Finally, performance on 
the condition which should have a great deal 
of interference according to the acid bath 


1 All sign tests reported in this paper are two- 
tailed. 
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model, CrIrBr, is not significantly worse 
than the condition which should have little 
or no interference, CnInBr. The trace com- 
parison model fares little better. The non- 
significant difference between CrlrBr and 
CrIrBn is in the wrong direction. It was 
found, however, that the difference between 
CnInBr and CnInBn is in the right direction, 

The data do seem to support the notion 
that Ss will choose the alternative which is 
most similar to the items in the list as would 
be predicted by Shepard's (1961) generali- 
zation model. Thus, the easiest list is one 
in which a group of filler items are all simi- 
lar to the critical item (CrInBn) ; the most 
difficult is where a group of filler items are 
not similar to the critical item but rather 
similar to the incorrect response alternative 
(CnIrBn). If one makes the further as- 
sumption that the amount of tendency to 
respond to a particular alternative on the 
basis of identity or similarity reaches some 
limit such that additional similarity provides 
less and less tendency to respond, most of 
the rest of the data of this experiment can be 
accounted for. The intended implication of 
this last statement is that similar items will 
add more tendency to respond when they 
are not similar to the critical item than when 


they are. The relevant contrasts are that 
Group CrIrBn does less well than Group 
CnInBn. Also, Group CnInBr does slightly 
(not significantly) better than Group 
CrIrBr. 

Thus, the impression 


which one might 
: ata is not that information 
is fading Away until performance is at a 
chance level, Rather, for this forced-choice 
recognition task, performance seems to bea 
function of the amount of information in the 
list which might confuse with the correct or 
incorrect response alternatives, This notion 
of building up of confusion rather than de- 
caying of information is emphasized by the 
fact that performance is poorest on those 
conditions in which the incorrect alternative 
is similar to items in the list; in one such 
condition, performance is worse than chance, 

There are, of course, alternative explana- 
tions. It is possible, €g., that Ss chose the 
way they did because they are forced to make 
one choice or the other. Since there was no 


get from these d 


way that S could say that he had not seen 
an item, having forgotten the critical item, he 
might have chosen the alternative which 
rhymed with the greatest number of words in 
the list. To test this hypothesis, a second 
experiment was run. 

Before consideration of Exp. II, one might 
question whether a memory experiment pur- 
porting to be about acoustic similarity effects 
would not be hopelessly confounded by per- 
ceptual errors inherent in auditory presenta- 
tion of the material. A perceptual explana- 
tion of these data might be that the acoustic 
similarity of the material caused Ss to mis- 
perceive the to-be-remembered word and 
thus shadow it incorrectly; Е might then 
misperceive S's statement of the word, in 
accordance with his expectancy to hear the 
Correct word, and fail to eliminate the trial. 
Table 2 shows the breakdown of the shadow- 
ing errors relevant to perceptual explanations 
of these data. The inferences made on the 
basis of the data presented in this table as- 
sume that E caught at least a reasonable pro- 
portion of the shadowing errors, 
important column with respect 
perceptual hypothesis 
shadowing errors Оп  to-be-remembered 
Words to conditions, Tt can be seen that 
these error rates and the differences among 
the groups are too small to account for the 
memory data. 

The types of errors in this experiment also 
argue strongly against the perceptual hy- 
pothesis presented above, According to the 


The most 
to the above 
is the one relating 


TABLE 2 
SHADOWING ERRORS 
Proportion of Froportion of 
Condition pO | HE АГА 
incorrectly alternative was 
Exp. I 
CnIrBn -045 .007 
rIrBn .063 .003 
CrIrBr .066 -010 
CnInBr .056 -000 
CnInBn .066 000 
CrInBn .045 .000 
Exp. II | 
Сг .060 a 
Cn .042 — 
Ir = .000 
In | — -005 


ITEM SIMILARITY AND INTERFERENCE IN STM 9 


perceptual hypothesis, one would expect that 
the Cr conditions would show the greatest 
error rates because S would fail to correctly 
perceive and thus fail to remember the items 
in the high-similarity lists. However, just 
the opposite error tendency was observed. 
The Ss tended to do badly on the Ir condi- 
tions in which they falsely recognized an 
item which had mot been presented but 
Which was similar to items in the list. Thus 
the perceptual hypothesis would be forced to 
Say that these data are the result of E's mis- 
perception of S’s shadowing intrusions of the 
word which was to be the incorrect alterna- 
tive. Table 2 shows these error rates, and 
again the rates are much too low to ac- 
count for the memory data. 


EXPERIMENT IT 


This experiment was designed to see 
whether the same results would be obtained 
if Ss were allowed to say that they did not 
see a particular response alternative. The 
only difference between Exp. I and II is 
that a single yes/no response alternative was 
presented to 5 in Exp. П. Thus, if the criti- 
cal item was no longer in store at the time of 
the test for retention, S could say "No," the 
response alternative was not in the list just 


presented. 


Method 

Twelve Ss were drawn from the same source 
as in Exp. I. The only other difference between 
the two experiments was the response measure. 
For a given list, S was given one of the two 
alternatives used for that list in the forced-choice 
Procedure of Exp. I. Another 5 got the other of 
the two responses. This division was done in a 
Way which insured that each S had the same num- 
ber of similar and dissimilar response ag 
The $ responded “yes” or “no” to each list an 
Save a confidence judgment 1 if sure, 3 if guessing, 
and 2 if somewhere between. 

This change to a yes/no procedure reduces the 
Number of conditions to four (Cn, Cr, In, Ir) a 
only one word is given as a response probe an 
there is no chance for similarity between items. 


Results and Discussion | 
The differences among all groups were sig- 
nificant by a sign test of within-S Б я 
Sons on the four conditions (р < .01). Es 
Ordering of the groups was the same for t e 
two halves of the experiment; overall per- 


formance was slightly better on the first half 
The probability that an 5 will respond “уез” 
to the response alternative is increased as а 
function of identity and of similarity to list 
members. Thus, Cond. Cr shows more cor- 
rect recognitions than Cond. Cn (68% vs. 
52%). The increase in hit rate as a function 
of similarity is compensated for bv an in- 
crease in false recognitions—saying “yes” 
when the alternative was not in the list—in 
the Ir (40%) condition as compared with 
the In (7%) condition. This difference in 
false-alarm rates is observed even when Ss 
give the highest confidence rating indicat- 
ing that they are sure of their response (Ir 
17.896, In 2.3%, р < .05 assessed by a sign 
test). Thus the increase in false alarms or 
confusions does not seem to be the result of a 
guessing strategy. 

Since these data allow us to compute inde- 
pendent hit and false-alarm rates, d', the 
measure of sensitivity in signal detectability 
analysis, was obtained (Swets, 1964, Appen- 
dix I). The relative frequency of saying 
"yes" for the Cr and Cn lists was taken as 
the hit rate for the high- and low-similarity 
lists, respectively. The relative frequency of 
saying "yes" for the Ir and In lists was 
taken as the false-alarm rate. The d' was 
higher for low-similarity lists than for high- 
similarity lists for every S. The means of 
the individual Ss' d' values were 1.80 and 
.82, respectively. The tabled values for d’ 
given hit and false-alarm rates assume that 
the signal and noise distributions are normal 
with equal variances. In an attempt to tech- 
nically justify the use of this procedure, ROC 
plots were made on normal-normal paper 
using the confidence data to estimate differ- 
ent criteria. This procedure should be car- 
ried out separately for each 5, but there was 
not enough data to do this so that the data 
for all Ss were grouped for purposes of this 
analysis. An informally fit straight line 
provides a fairly good fit for the data for 
both the high- and low-similarity conditions, 
indicating that to the extent that the estima- 
tions of successive criteria are accurate, the 
underlying distributions of signal plus noise 
and noise alone are close to normal. The 
lines are not parallel to each other or to the 
diagonal so that the variances of the distribu- 
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tions of noise and of signal plus noise cannot 
be considered equal. This suggests that the 
estimates of d’ made above are biased by the 
ratio of the variances. According to this 
analysis, the variance of the distribution of 
signal plus noise was larger than the variance 
of the distribution of noise alone; this differ- 
ence was greater in the low-similarity condi- 
tion. If one takes the intersect value of d', 
the ratio of the variances does not enter the 
calculation so that these estimates of d' 
should be free from that source of bias. The 
values are .64 for the high-similarity condi- 
tion and 1.01 for the low-similarity condition. 
Thus, in the sense implied by this measure of 
sensitivity, it would seem as if list similarity 
causes a loss of information, as would be sug- 
gested by the acid bath and the generalization 
models described above. 

The fact that performance on the high- 
similarity condition showed a higher hit rate 
and a lower d' than performance on the low- 
similarity condition indicates that Ss used a 
more stringent decision criterion for the low- 
similarity material than for the high-simi- 
larity material. 


CONCLUSIONS 


The results of this experiment indicate that 
list interference is a factor in short-term 
memory. The authors have emphasized the 
building up of confusion rather than the weak- 
ening of the to-be-remembered item as an ex- 
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planatory concept. While the notion of in- 
crementing of classes of responses, including in- 
correct responses, does gain support from these 
data, this in no way eliminates the possibility 
that weakening of the trace as a function of 
time or similarity also occurs. 
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GUSTATORY CROSS-ADAPTATION: 
DOES A SINGLE MECHANISM CODE THE SALTY TASTE?! 


DAVID V. SMITH? Ax» DONALD Н. McBURNEY 3 


University of Tennessee 


The Ss tasted 12 salts after adaptation to distilled HOH and also after 
adaptation to NaCl. They made magnitude estimates of total intensity of 
these salts and divided these estimates appropriately among the four 
"primary" taste qualities. After adaptation to NaCl the saltiness of every 
salt tested fell below threshold. Salts with common cations tended to have 
similar tastes and to be affected similarly by NaCl adaptation. Some salts 


increased in bitterness or sourness after adaptation. 


The results indicate 


that a single mechanism may be involved in coding the salty taste. 


It is commonly assumed that the receptor 
mechanism for two stimuli is the same when 
adaptation of a receptor to one stimulus re- 
sults in a decreased sensitivity to the other 
(Pfaffmann, 1959b). A puzzling situation 
has prevailed in taste since Hahn (1949) 
found no such cross-adaptation between 24 
inorganic salts. Adaptation to 1 particular 
Salt yielded no increase in the absolute 
threshold of any of the others. These results 
have been interpreted to mean that there 
would have to be a separate receptor site or 
mechanism for each of these 24 salts, or at 
least 24 coding mechanisms for the salty 
taste alone (Pfaffmann, 1959b). This is 
made more peculiar by the fact that cross- 
adaptation occurs between representatives 
of the other taste qualities as well as being a 
consistent finding in the other senses. How- 
ever, evidence for a weak cross-adaptation ef- 
fect has been found when magnitude esti- 
mates of taste intensity were obtained for 
each of 8 salts after adaptation to NaCl (Mc- 
Burney, 1964) and NaCl, KCI, NH,CI, and 
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CaCl, (McBurney & Lucas, 1966). Mea- 
suring subjective intensity without regard to 
quality, these investigators found cross-adap- 
tation to occur for each salt and to occur 
most strongly with the salt having the same 
cation as the adapting solution. 

Since the size of the cross-adaptation eí- 
fect found by McBurney (1964) and by 
McBurney and Lucas (1966) was greatest 
for salts having the same cation as the adapt- 
ing solution, and since the taste quality of a 
salt seems to be primarily a function of the 
cation (Erickson, Doetsch, & Marshall, 
1965; Morrison, 1967), it appeared likely to 
McBurney and Lucas that saltiness might be 
a more sensitive measure of cross-adaptation 
than total intensity. In the present investi- 
gation, estimates were obtained of the taste 
qualities as well as total intensity in order 
separately to assess the changes in quality 
and intensity due to adaptation. 


METHOD 


Subjects—Ten Ss were used, eight males and 
two females. None smoked and all except one 
were naive about the purpose of the study. 

Apparatus and solutions—All solutions were 
made with distilled water and maintained at 34° C. 
in a water bath. The apparatus used for tempera- 
ture control and for delivery of the solutions was of 
the same design as that described by McBurney 
(1966). The test stimuli were equated in total sub- 
jective intensity to .1 M NaCl by nonmodulus mag- 
nitude estimation prior to the experiment. The test 
stimuli, thus equated, were the following: 1 M 
NaBr, .1 M NaCl, .11 M KBr, 11 M KCl, .051 M 
NH.Br, 051 M NH.Cl, 026 M CaBr, .026 M 
CaCl, .18 M KSO, .41 M Na:SO,, .32 M KNO,, 
and .46 M NaNOs. The adapting solutions were 
distilled HOH and .1 M NaCl. 
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Procedure-—The Ss sat with tongue extended be- 
tween the lips so that a flow system delivered the 
solutions to the dorsal tongue suríace, eliminating 
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the influence of saliva. The solutions flowed over 
the tongue and into a collecting funnel beneath the 
chin. The Ss were instructed to give magnitude 
estimates of the intensity of each of the test stimuli. 
No modulus was employed. They were further 
asked to divide this estimate among the appropriate 
taste qualities for each stimulus. The Ss recorded 
their responses on a data sheet containing columns 
for the qualities salty, sour, sweet, and bitter, as 
well as total intensity. The Ss were given practice 
estimating the length of lines prior to the experi- 
ment. 

The Ss were presented each of the 12 stimuli 
once after adaptation to distilled HOH and once 
after adaptation to . M NaCl during a l-hr. 
session on each of 8 days. The first 3 days were 
regarded as a training period to familiarize Ss with 
the procedure, and only the data írom the last 5 
are reported. The adapting solution flowed for 1 
min. before every stimulus. The test stimuli were 
presented in random order and the order of the 
adapting conditions was alternated. Prior to each 
session Ss were presented with 1 M NaCl and 
solutions of sucrose, tartaric acid, and quinine 
hydrochloride approximately equal in intensity to 
E M NaCl as examples of the "primary" taste 
qualities. 


RESULTS 
The arithmetic means of the magnitude 
estimates are presented in Fig. 1, which 
shows the taste profile of each salt under 
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The responses of more thon holf the subjects were below absolute fhreshold. 


Fro. 1. Mean magnitude estimates of the taste qualities of 12 salts after adaptation to distilled 
HOH and to 1 M NaCl. 
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Fic. 2. Mean magnitude estimates of the salti- 


ness of 12 salts after adaptation to distilled HOH 
and to 1 M NaCl. 


both adapting conditions. The arithmetic 
mean was used rather than the geometric 
mean because of the large number of zeros, 
and the linear scale rather than the loga- 
rithmic in order better to represent the rela- 
tive intensities between qualities and condi- 
tions. The subjective intensities after 
adaptation to distilled HOH are represented 
by the circles and those after adaptation to 
NaCl are shown by the triangles. . The apex 
of the triangle indicates the direction of 
change, and the difference between the two 
points represents the amount of change be- 
tween the two adapting conditions. The 
circles and triangles left unfilled indicate that 
one-half or more of the Ss attributed that 
quality to that stimulus less than 50% of the 
These points are for that reason de- 


the saltiness of all the stimuli was below 
threshold following NaCl adaptation. The 
horizontal lines indicate plus and minus one 
standard error of the difference between cor- 
related means. The asterisks below the taste 
qualities indicate that the difference found 
for that quality was significant at the .05 
level (two-tailed test). Although the test 
stimuli are all classed chemically as salts, it 
may be seen from Fig. 1 that they vary quite 
Widely in saltiness. The taste profiles 
emphasize the fact that these chemically simi- 
lar compounds are, in fact, quite different in 
their component tastes. 

Figure 2 shows the changes in the saltiness 
of each of the test stimuli due to NaCl 
adaptation. The decrease in saltiness was 
significant in 9 of the 12 cases after adapta- 
tion to NaCl. The saltiness of the 3 stimuli 
not showing significant decreases was below 
threshold before NaCl adaptation. 

The bitterness of most of the salts tended 
to increase following NaCl adaptation. This 
increase and the increase in sourness for the 
sulphate salts lessened or reversed the effect 
of NaCl adaptation on the total intensities. 
It may also be seen from Fig. 1 that those 
salts having the same cation had similar taste 
qualities and were similarly affected by NaCl 
adaptation, with the exception of the sulphate 
and nitrate salts where the anion seems to be 
more important. 

Figure 3 shows the 12 stimuli plotted in 
two-dimensional space: Fig. 3A shows salti- 
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Fic. 3. Changes in the taste qualities of 12 salts following adaptation to .1 М NaCl. 


SALTINESS 


104 


saltiness vs. bitterness. Again, the circles 
represent values obtained after HOH adapta- 
tion, while the triangles show those obtained 
after NaCl adaptation. The lines connecting 
the points represent the change in the taste 
qualities due to NaCl adaptation. 

Neither the S x Solution nor the S x 
Taste Quality interactions reached the 05 
level of significance. The judgment variabil- 
ity in the NaCl adaptation condition was 
slightly greater (SD = 14.2) than that in 
the HOH adaptation condition (SD = 13.0). 


DiscussioN 


The results of this study indicate that the 
weak cross-adaptation effect found by Mc- 
Burney (1964) and by McBurney and Lucas 
(1966) was a result of the use of total taste 
intensity as the dependent variable, rather than 
the intensity of saltiness. In the present in- 
vestigation, which employed all of the salts used 
in these previous studies, increases in other 
taste qualities reduced or even reversed the 
effect of adaptation on total intensity. The 
amount of change in total subjective intensity of 
the eight salts used in the previous study (Mc- 
Burney & Lucas, 1966) was close to that found 
for the same salts in the present experiment. 
It may be seen from Fig. 1 that most of the 
salts in the present investigation had other 
taste qualities than saltiness. Indeed, in some 
instances saltiness was not even the dominant 
taste quality. Adaptation to a “pure salt" such 
as NaCl will not reduce the total intensity of a 
salt that is mostly bitter, as is evident from the 
small effect on the total intensity of either CaCl, 
or СаВго, for example. Previous studies have 
employed the procedure of cross-adaptation be- 
tween salts without regard for such qualitative 
differences (Gillary, 1966; Hahn, 1949; Hal- 
pern, 1967b; McBurney, 1964; McBurney & 
Lucas, 1966). It appears that the extent of 
cross-adaptation effects depends on the qualita- 
tive similarity between the adapting and test 
stimuli. 

To our knowledge, this study is the first in 
which magnitude estimates were obtained for 
more than one dimension of a stimulus on the 
same trial. For this reason, it is interesting to 
note that the task appeared to be easy and 
natural for Ss. The estimates of total intensity, 
as well as their variability, and the size of the 
changes with adaptation agree closely to those 
in previous studies (McBurney, 1964; Mc- 
Burney & Lucas, 1966) where intensity alone 
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was measured. The variability in the estimates 
of the taste qualities was similarly no greater 
than that for total intensity. 

The failure of Hahn (1949) to find cross- 
adaptation is especially surprising since nine of 
the same salts that he used were also employed 
in the present study. It is evident that these 
salts differ from one another in taste quality. 
Perhaps this difference as well as Hahn’s use 
of the threshold measure of adaptation might 
explain his failure to find cross-adaptation. 
Although McBurney (1964) and McBurney and 
Lucas (1966) found a weak cross-adaptation 
effect between eight salts, the differences in 
the qualities of those salts obscured an answer 
to whether the saltiness was due to the same 
or similar mechanisms. 

The decrease in the saltiness of all the test 
stimuli after NaCl adaptation suggests a single 
receptor mechanism for the salty taste. The 
term mechanism, as employed here, is not neces- 
sarily synonymous with receptor site, taste cell, 
chorda tympani neuron, or other single struc- 
ture, but refers rather to whatever system is 
responsible for coding gustatory quality. Pfaff- 
mann (1959a) has suggested that the code for 
taste quality might consist of the pattern of 
activity across several afferent fibers. Erickson 
et al. (1965) correlated the number of spikes 
produced by pairs of stimuli in single fibers in 
the rat chorda tympani and from these correla- 
tions constructed neural response functions for 
individual neurons. These response functions 
were broad, i.e., one neuron was responsive to 
a number of stimuli. From these correlations 
there appeared to be a dimension for salts, 
which was orthogonal to bitter and sweet. 
Given that the afferent code for taste quality 
consists of across-fiber activity, then the neural 
response function derived by Erickson et al. is 
consistent with the idea of a single coding 
mechanism as suggested in the present paper. 
Presumably it is this multifiber code which 
undergoes adaptation and no longer signals 
saltiness. 

Gillary (1966) and Halpern (1967b) have 
found cross-adaptation between salts in the 
labellar sensillum of the blowfly and in the 
solitary nucleus of the rat, respectively. Since 
cross-adaptation was not found with whole 
nerve recording in the rat chorda tympani 
( Beidler, 1961), it appears that quality is sorted 
out in the medulla. Halpern (1967a) found 
that representatives of the various taste qualities 
had different locations in the rat solitary 
nucleus. 


From Fig. 3 it may be seen that the taste 
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of the salts consists primarily of saltiness and 
bitterness, except for NagSO, which is salty 
and sour. The location of the salts along the 
saltiness dimension agrees closely with the taste 
dimension of Erickson et al. (1965). The 
direction of the arrows shows that decreases 
in saltiness following adaptation often were 
accompanied by an increase in bitterness, except 
for the sulphate salts which increased in sour- 
ness. This interaction seems to imply that salti- 
ness may not be independent of bitterness in 
these compounds. Whether this is suggestive 
of an opponent process theory for taste will 
require further investigation. Salts having the 
same cation generally had similar locations on 
the dimension before adaptation and were af- 
fected similarly by NaCl adaptation. Erickson 
et al., recording single unit activity in the rat 
chorda tympani, and Morrison (1967), measur- 
ing behavioral responses in the rat, also found 
that the cation is the more important factor in 
taste quality. In fact, in the present study, the 
nitrate and sulphate anions contributed some- 
What to taste quality, but the chloride and 
bromide anions appeared to make little con- 


tribution. 
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EFFECTS OF SECOND SIGNALS ON RESPONSE TIME 
TO FIRST SIGNALS UNDER CERTAINTY 
AND UNCERTAINTY' 
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The effects of a second signal (S2) on response time (RT) to a first signal 
(S1) were investigated. Three groups of 16 5s, matched for response speed 
on a pretest, were subsequently tested ior RT to an SI light under (a) 
stimulus-response certainty and (b) stimulus-response uncertainty. | For 
Groups 1 and 2, an S2 light, requiring no response, followed 51 at inter- 
stimulus intervals (ISIs) of either 50, 100, or 150 msec., randomly selected, 
or not at all. For Group 1, two lights were in a reciprocal relation as 51 
and S2; if one flashed on first, the other became the potential 52 light. For 
Group 2, the same two lights served as Sl, but a third light was used 
exclusively for S2. Group 3 was never exposed to an 52 light. Results 
showed no significant group differences under the certainty condition. Under 
uncertainty, RT for Group 1 was significantly longer than that for either 
Group 2 or Group 3, but the latter two groups did not differ significantly. 
These effects were independent of ISI. The results were interpreted in terms 
of response-conflict views of double-stimulation effects. 


Several recent studies have investigated 
whether response time (RT) to the first of 
two rapidly occurring, successive signals may 
be delayed with respect to RT observed when 
only a single signal occurs. The empirical 
basis for a delay effect of this type is not 
well established since only two studies have 
obtained any evidence of delay (Helson & 
Steger, 1962; Herman & Israel, 1967), 
whereas at least two additional studies have 
failed to find the effect (Koplin, Fox, & 
Dozier, 1966; Lappin & Eriksen, 1964). 

Paradoxically, the theoretical bases for a 
delay effect attributable to a second signal 
appear to be well elaborated even though the 
empirical bases may not be. Reynolds 
(1964) has provided a response-conflict in- 
terpretation for the delay effect observed in 
the Helson and Steger (1962) study, and 
Adams (1964) has interpreted this same 
study in terms of expectancy theory. Both 
of these theories have been employed previ- 


1 This research was supported by Grant MH- 
10831 from the National Institute of Mental 
Health and by a grant from the Hawaiian Electric 
Company. Appreciation is extended to Hilde Groth 
for her careful review of the manuscript. 

2 Requests for reprints should be sent to Louis 
M. Herman, Department of Psychology, University 
of Hawaii, 2430 Campus Road, Honolulu, Hawaii 
96822. 
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ously in interpretation of the well-docu- 
mented phenomenon of a delay in RT to the 
second of two rapidly occurring signals— 
the so-called “psychological refractory 
period” (PRP) effect (e.g., Smith, 1967). 

The purposes of the present paper were 
(a) to isolate potentially relevant conditions 
for producing a delay effect attributable to a 
second signal, by pointing to certain sub- 
stantive differences among the set of empiri- 
cal studies on this topic, (b) to indicate the 
relevance of these differences to response- 
conflict theory, and (c) to test these views 
of a delay effect experimentally. 

In all of the cited empirical studies, a 
response was required to the first signal 
(Sl) but not to the second signal (S2). 
With the exception of the Herman and Israel 
(1967) study and Exp. II of Koplin et al. 
(1966), all studies evaluated the delay effect 
strictly under stimulus-response certainty. 
In this certainty condition, a single response 
button was used for the two potential S1 
stimulus lights, and S was informed in ad- 
vance of each trial as to which light would 


з At least one study has reported an increase in 
response latency to Sl if a response is also required 
to S2 (Gottsdanker, Broadbent, & Van Sant, 1963). 
The present paper will consider in detail, however, 
only studies requiring no overt response to S2. 
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be 51. For the studies of Lappin and 
Ericksen (1964) and Koplin et al., S2 was 
always a member of the 51 set—two lights 
exchanged roles on a random basis as S1 and 
52 over successive trials—whereas for the 
Helson and Steger (1962) study, a third 
central light served exclusively as S2. In 
terms of response-conflict theory (e.g. Ber- 
lyne, 1960) as applied to double-stimulation 
situations. (Reynolds, 1964; Smith, 1967) 
two stimuli occurring closely in time may 
interfere with each other if they signal com- 
peting response tendencies, i.e., if each stim- 
ulus is associated with a unique response.* 
If the two successive stimuli elicit the same 
response tendency, however, then it might 
be expected that no interference would oc- 
cur; rather, the second stimulus might be ex- 
pected to act as a reinforcer for the response 
being organized to the first stimulus. The 
study of Lappin and Eriksen and Exp. I of 
Koplin et al. were clearly of this latter “no- 
conflict” model, whereas the study of Helson 
and Steger was closer to the former model— 
S2 signaled some neutral unspecified re- 
sponse, perhaps "no response.” 

The Helson and Steger (1962) study re- 
ported a decremental effect of S2 on RT to 
S1, both as a function of the interstimulus in- 
terval (ISI)—RT was a parabolic function 
of ISI—and also by comparison with trials 
on which no S2 occurred. Both of these two 
effects were evaluated by within-Ss compari- 
sons. In addition, an independent control 
group never viewing S2 showed significantly 
faster RTs. The Lappin and Ericksen 
(1964) study and Exp. I of Koplin et al. 
(1966) reported no significant | differential 
decrements in RT to Sl in their within-5s 
comparisons. Lappin and Eriksen studied 
only the within-Ss effect of S2; Koplin et al. 
used, in addition, an independent no-S2 con- 
trol group, but this latter evaluation also 
failed to demonstrate a decremental effect. 

Thus the data from these three studies can 
be considered to be generally in accord with 
Tesponse-conflict views: no delay was ob- 
ven consideration to 


he first (and only 
s of conflict 


as in the 


* Reynolds has specifically gi 
*ffects of response conflict on t 
Tesponse; Smith has focused on effect: 
9n the second of two required responses, 


P effect. 
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served if two successive lights signaled the 
same response, but a delay occurred if the 
second light was not clearly associated with 
the response to the first light. A remaining 
theoretical problem, however, is that under 
the stimulus-response certainty conditions of 
these three studies, response conflict should 
have been at best residual, and more likely 
entirely reduced, prior to onset of S1. The 
value of the conflict function proposed by 
Berlyne (1960), e.g., goes to zero as uncer- 
tainty goes to zero. Thus, unfortunately, 
these three studies though providing partial 
models for how response-conflict views of 
an S2 effect might be tested, given stimulus- 
response uncertainty, do not in themselves 
provide the test. It would appear necessary 
that some degree of stimulus-response un- 
certainty prevail for an adequate test of a 
potential delay effect attributable to a second 
signal. That is, under stimulus-response 
certainty, effects of S2 should be minimal or 
absent regardless of relationships of re- 
sponses associated with 51 and 52; but 
under uncertainty, the effect of S2 should be 
a function of its relationship to S1 in the 
arousal of competing response tendencies." 

Experiment II of Koplin et al. (1966) 
treated stimulus certainty and stimulus un- 
certainty as a within-Ss variable, but still re- 
tained response certainty through use of a 
single response key. All estimates of an S2 
delay effect were made as within-5s compari- 
sons across a set of ISI values. This ISI 
variable was found to be nonsignificant under 
either the stimulus certainty or uncertainty 
condition. Lacking, however, in this ex- 
periment was an independent no-S2 control 
group for assessment of any possible general 
decremental effect of S2 across all ISI 
values. 

Under conditions of stimulus-response un- 
certainty and high S-R compatibility, re- 
quiring S to move his finger from a home 
position to the first light which flashed on, 
Herman and Israel (1967) found a sub- 
stantial increase in response latency to an 


5 Specific methodological weaknesses in the Hel- 
son and Steger (1962) study, as pointed to by 
Koplin et al. (1966), still remain, therefore, as a 
plausible explanation of the S2 delay effect ob- 
served in that study. 
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S1 light if an 52 light followed (with 75% 
probability) at intervals up to 150 msec. 
The increase in response latency to 51 was 
observed primarily as a between-Ss effect, by 
comparison of the group experiencing S2 
with a no-S2 control group. 

The Herman and Israel (1967) study can 
be considered as conforming closely to the 
indicated model of response conflict, since S1 
and S2 in that study clearly were signals for 
competing response tendencies, and „there 
was stimulus-response uncertainty prior to 
onset of S1. Experiment II of Koplin et al. 
(1966) would not conform closely to this 
model, however, since S1 and S2 were sig- 
nals for the same response tendency. 

The present study was designed to ex- 
amine more fully the implications deriving 
from these views. Specifically, whether or 
not S2 signals a competing or noncompeting 
(neutral) response to that being organized 
for S1 was examined both under stimulus- 
response certainty and stimulus-response un- 
certainty conditions. It was expected that 
only under the uncertainty condition, in 
conjunction with S1 and S2 signaling com- 
peting responses, would evidence be found 
of a decremental effect of S2 on RT to S1. 
Evaluation of a decremental effect was made 
both within Ss (across ISI values) and be- 
tween Ss (by reference to a no-S2 control 
group). 

METHOD 


Experimental design.—There were three groups 
of 16 Ss each, matched for response speed on a pre- 
test measure. For the “Cmax” group, maximum 
response conflict was induced through use of two 
potential S1 lights, each signaling a unique re- 
sponse, but exchanging roles as S1 and S2 in a 
balanced random sequence over successive trials. 
Thus, if one light were Sl, the other served as 
S2. For the “Cmin” group, there were the same 
two 51 lights, but neither served as S2. А third 
light was used exclusively for this purpose; this 
light was never associated with any overt response. 
For the "Czero" group there were again the same 
two S1 lights, but this group never experienced any 
S2 light. 

The certainty-uncertainty variable was tested as 
a within-Ss condition for all groups, each 5 pro- 
ceeding from the certainty to the uncertainty 
condition in successive experimental sessions 1 wk. 
apart. There were three ISI values (50, 100, and 
150 msec.) used for the Cmax and Cmin groups, 
also tested as a within-Ss condition, In addition, 
on one-fourth of the trials for these same groups, 
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the S2 light did not occur. The three ISI values 
and the no-S2 light condition also occurred in 
balanced random sequences over successive trials. 

Apparatus—The pretest apparatus was the same 
as that employed by Herman and Israel (1967). 
Using two stimulus lights only, and testing under 
stimulus-response certainty, S was required to 
move his finger from an initial “home” button to 
the indicated stimulus light when it flashed on, a 
distance of 7 in. A press of this stimulus light 
(actually, a lighted push button) turned it off 
and terminated the trial. Total time to turn the 
light off was obtained for a series of 36 trials. The 
mean response execution time for these trials con- 
stituted the pretest measure for each S and was 
the basis for subsequent assignment to speed groups. 

For the experimental apparatus, the stimulus dis- 
play consisted of three neon lights (General Elec- 
tric AIH), mounted on a vertical black panel so 
as to form the vertices of an equilateral triangular 
area with 24-іп. sides, with the base of the triangle 
in the horizontal position. The lights were covered 
by a i-in. translucent amber lens cap. The two 
base lights served as S1 lights for all groups; the 
light at the apex served as S2 for the Cmin 
group. In the center of the triangular area was a 
small amber fixation light which flashed on for 2 
sec. to denote the start of a trial. 

A small response lever, 21 in. high, was mounted 
on the right arm of a chair in which S sat facing 
the display. This lever had a spring-mounted сеп- 
ter return, Movement of the lever to the left or 
right was the required response, direction of move- 
ment corresponding to the side on which S1 ap- 
peared. A movement of approximately 2? was 
sufficient to open the normally closed contacts of 
this switch and turn off 51. The S2, however, was 
not under control of this Switch, but was turned off 
by E approximately 5-8 sec, aíter S had responded. 

In a control room adjoining the testing room 
were located Hunter interval timers, Model 100C 
or 110C, for controling the duration of the fixation 
light, the foreperiod interval (1, 2, or 4 sec.), and 
the ISI values (50, 100, and 150 msec.). The RTs 
to 51 were recorded оп a Hunter Klockounter, 
which Provided readings in units of .001 sec. 

Subjects—A total of 56 male undergraduate vol- 
unteers were pretested. On the basis of observed 
latencies they were categorized into four “speed” 
groups, from “fast” to “slow,” of 14 Ss each. 
Within each of these four speed groups the 14 Ss 
were further ordered by speed, and only the 12 
fastest of these were assigned across the three ex- 
perimental conditions. The 2 remaining slowest S's 
within each speed group were dropped from further 
study. Assignment to experimental conditions from 
a given speed group was under the constraint that 
each successive 3 speed-ordered Ss be distributed 
randomly across the three conditions, 

Procedure—The S sat in a chair facing the 
apparatus at a distance of approximately 72 in. 
from the display to his eyes. The fixation light 
was at approximately his eye level. His right 
forearm rested on the arm of the chair, permitting 
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him to grip the response lever comfortably with his 
thumb and forefinger located just below a flange 
near its top. He was required to use this same 
grip throughout all trials. The 5 wore headphones 
into which was fed masking noise to obviate 
auditory cues from the control room. This noise 
could be interrupted by E to talk with S, and to 
instruct him as to locus of S1 ("left" or "right") 
prior to each certainty trial. For the Cmax group, 
Sl and S2 were interchangeably the left or right 
base lights of the stimulus display. For the Cmin 
group, 51 was randomly either one of the two base 
lights and S2 always the remaining apical light, 
and for the Czero group, again randomly, either of 
the two base lights served as S1 but no S2 light 
€ver occurred. 

All Ss were tested in three 1-hr. sessions, ap- 
proximately 1 wk. apart. Session 1 consisted of the 
Pretest. In Session 2, all Ss were tested for 48 
trials under the certainty condition using the 
experimental apparatus. Finally, in Session 3, all 
Ss were tested for 24 trials under the uncertainty 
condition. This session duplicated all aspects of the 
prior certainty session except for informing S as 
to locus of S1 in advance of a trial. 

All Ss in the Cmax and Cmin groups were in- 
structed prior to Sessions 2 and 3 that the S2 light 
had no relevance for their task and to respond as 
quickly as possible to the first light which flashed 
On. They were also instructed that on some trials 
there might not be a second light. Appropriate 
parallel instructions were given to the Czero group. 
Approximately six to eight practice trials were 
given each S prior to start of the test trials in a 


given session. 
RESULTS 


Effects of Certainty-Uncertainty and 
Conflict Variables 

Table 1 provides mean RTs for each con- 
flict group, as a function of pretest speed 
category, for both the certainty and uncer- 
tainty conditions (Sessions 2and 3). Each 
Cell mean is based on all relevant data for 
four Ss: 48 RT trials per S for the certainty 


TABLE 1 


MEAN RTs (мѕес.) FoR EacH GROUP AT EACH 
Pretest LEVEL (п = 4) UNDER CERTAINTY 
AND UNCERTAINTY 


Pretest Certainty Uncertainty 
aces. Бы 

еко: x 

Ы Стах | Стіп | Czero | Cmax | Cmin Czero 

1 (fast) 265.28 | 269.18 | 272.72 | 317.28 311.62 309.18 
3 278.90 | 283.26 | 285.31 | 343.85 325.76 
4 314.43 | 288.69 | 284.36 | 374.48 | 332.20 | 333-45 
(slow) | 311.01 | 292.27 | 296.12 | 375.93 | 331.30 - 
M 292.40 | 283.35 | 284.63 | 352.89 | 325.22 | 320.61 
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TABLE 2 


SUMMARY OF ANALYSES OF VARIANCE FOR GROUPS 
AND PRETEST SPEED EFFECTS UNDER 
CERTAINTY AND UNCERTAINTY 


Certainty Uncertainty 
Source df 
MS Р MS F 
Conflict groups (A)| 2 384.38 | .37 |4.875.74 | 5.05* 
Pretest speed (B) 3 | 2,335.23 | 2.26 | 2,766.00 | 2.86* 
Linear 1 | 6,685.85 | 6.46* | 7,917.76 | 8.20** 
Quadratic 1 268.24 | .26 370.52 | .38 
Cubic 1 51.61 .05 9.72 | .01 
АХВ 6 387.54 | .37 612.69 | .63 
Error 36 | 1,035.43 965.78 
*p«.05. 
p < 01, 


condition and 24 RT trials for the uncer- 
tainty condition. 

Separate two-way analyses of variance 
(Conflict X Pretest Speed) were used to test 
for significance of effects of the S2 light 
under the certainty condition and under 
the uncertainty condition. Results of these 
two analyses are summarized in Table 2. 

Conflict and certainty effects—Table 1 
shows that under the certainty condition 
there were only relatively small overall RT 
differences among the three groups. Table 
2 indicates that the only significant effect for 
this condition was the linear trend compo- 
nent of the pretest speed variable. This find- 
ing is not unexpected, of course, in view of 
the prior categorization of the groups on the 
pretest speed measure. 

Individual comparisons of means (Winer, 
1962, p. 207) were carried out on each of 
the three possible pairings of conflict groups. 
For each analysis the obtained F ratio was 
less than 1.0. Thus under the certainty con- 
dition there clearly was no demonstrable be- 
tween-Ss decremental effect of S2. 

Conflict and uncertainty effects —The data 
of Table 1 for the uncertainty condition 
clearly show a substantial increment in RT 
for the Cmax group with respect to the 
remaining two conflict groups, and Table 2 
confirms that this conflict effect was signif- 
icant. Individual comparisons among pairs 
of conflict groups yielded significant differ- 
ences between the Cmax and Cmin groups, 
Е (1, 36) = 6.34, р < .05, and between the 
Cmax and Czero groups, F (1, 36) = 8.63, 
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Р < 01, but not between the Cmin and Czero 
groups. F « 1.0. M 
An additional analysis checked for signif- 
icance of interaction effects of the certainty— 
uncertainty and conflict variables. A mixed- 
design two-way analysis of variance (one 
between-Ss and опе within-Ss variable) 
applied to the data indicated a significant 
interaction of the certainty-uncertainty and 
conflict variables, F (2, 45) = 5.05, p = .01. 
clearly reflecting the much greater decrement 
in RT experienced by the Cmax group than 
the remaining two groups when transferred 
from the certainty to the uncertainty condi- 
tion. 
Effects of ISI Variable 

Table 3 shows mean RTs for each group 
as a function of the three 1515, and the no-S2 
(7) condition, for both certainty and un- 
certainty conditions. Each cell mean of 
Table 3 is based on all 16 Ss of the indi- 
cated group.  "Pseudo-ISI" means аге 
shown for the Czero group. These latter 
means are based on yoked trials, i.e., they are 
obtained from the same trials on which the 
Cmax and Cmin groups experienced the par- 
ticular ISI value listed in Table 3. 

From Table 3 it is readily apparent that 
the ISI variable produced very little effect 
under the certainty condition for any group. 
Separate Treatment x Ss analyses of vari- 
ance were carried out for each of the three 
groups to test for effects of the ISI variable 
(including оо) under certainty. All ob- 
tained Fs were less than or close to 1.0. 
Dunnett tests were subsequently used to 
compare the set of real ISIs (50, 100, and 
150 msec.) with the ос condition for each 


TABLE 3 


MEAN RTs (MsEc.) For EAcH Group AT Eacu ISI 
VALUE UNDER CERTAINTY AND UNCERTAINTY 


Certainty Ui inty 
ISI (in ainty ncertainty 
msec.) 

Cmax | Cmin | Czero Cmax | Cmin | Czero 
50 293.67 | 285.96 285.82 | 360.20 | 327.83 318.53 
100 290.11 | 283.24 | 284.22 352.56 | 320.53 | 321.70 
150 294.38 | 280.47 | 286.34 351.83 | 326.38 | 319.63 
e 291.24 | 283.76 | 282.13 346.95 | 326.20 | 322.62 


Note.—For Czero group, S2 was never presented. ISI f. 
this group indicates the mean RTs obtained on trials е 
the particular interval had bi 


E een presented to the other two 
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group. The tests indicated no significant dif- 
ference between the set of real ISIs and the 
æ condition for any group. 

Parallel analyses to those carried out for 
the certainty condition were applied to the 
uncertainty data. АП analyses, including 
the Dunnett tests, failed to yield a significant 
effect of the ISI variable for any group. 

To probe further for within-Ss ISI effects. 
for each S in each group a trend analysis 
was made across the set of three real ISI 
values, separately for the certainty and un- 
certainty conditions. The results of these 
analyses indicated that only the barest num- 
ber of Ss demonstrated any significant ISI 
effects. Specifically, no S evidenced a sig- 
nificant main effect of ISI under certainty, 
and only three Ss—one in each group— 
evidenced significant main effects under un- 
certainty. Significant linear and quadratic 
trends were comparably rare, and not re- 
lated to any one group. 


Discussion 


The results of this study fully support the 
hypothesis derived from conflict theory that a 
decremental effect of S2 on RT to S1 would 
not be observed under stimulus-response cer- 
tainty, but would be observed under stimulus- 
response uncertainty only if S1 and S2 elicit 
competing response tendencies. Specifically. 
under stimulus-response certainty RTs for the 
Cmax and the Cmin groups were found to be 
approximately equivalent to each other and to 
the Czero group. But when transferred to the 
uncertainty condition, the Cmax group showed 
a significant increase in RT with respect to 
both the Cmin and Czero groups, whereas RTs 
for the latter. two groups remained approx- 
imately equivalent, Overall, these results are 
in accord with the set of reported results of 
Lappin and Eriksen (1964), Exp. I of Koplin 
et al. (1966), and the S-R compatability condi- 
tion of Herman and Israel (1967). Expectancy 
theory (Adams, 1964) would appear to be un- 
able to deal with the noted differences in the 
present study between the Cmax and Cmin 
groups under the uncertainty condition, or for 
that matter with the lack of a significant group 
effect under certainty. 

The delay effect of S2 appears to be unrelated 
to specific values of ISI, within the limits of 
the set of values tested in this study. No sig- 
nificant effect of ISTs or significant trend across 
ISIs was demonstrated for any group under 
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any condition. This indicates that within-Ss 
evaluations can be inadequate for detection of 
an S2 delay effect, since the effect may appear 
Primarily as a relatively constant RT increment 
associated with the potential occurrence of an 
S2 light within a short interval following an 
SI light. In this respect, the S2 delay effect 
differs from the PRP delay effect. The mag- 
nitude of the latter has most often been shown 
to be an inverse function of ISI over a wide 
range of intervals (Smith, 1967). 

The findings for the ISI variable in this study 
parallel in some respects previous results of 
Herman and Israel (1967). In particular, Her- 
man and Israel, using the same ISI values as 
in the present study, also found that response 
latency to the SI light was not a decreasing 
function of ISI, and that their within-Ss оо 
control condition yielded latencies which did 
not differ significantly from the set of "real" 
IST values tested. 

This lack of a significant difference under un- 
certainty between the set of real ISI values 
(50, 100, and 150 msec.) and the within-Ss zc 
control condition might appear to offer some 
difficulty for the response-conflict hypothesis. 
How can competing response tendencies be pres- 
ent if only a single stimulus and hence presum- 
ably only a single response tendency is present? 
One answer that can be offered is that S1 may 
come to serve not only as a discriminative 
stimulus (SIP) for its associated response 
tendency (rl), but may also arouse the com- 
peting response tendency (r2) normally asso- 
ciated with 520, Thus, consider the two over- 
lapping temporal sequences, SIP— rl and 
S2D 312. А stimulus generalization model 
would clearly predict the arousal of r2 in the 
presence of S1?. Also, from an operant analy- 
sis, rl may itself come to function as a dis- 
criminative stimulus for r2, as іп a response 
chain (Kelleher, 1966), so that occurrence ot 
72 would not be contingent on actual occurrence 
of $20, Tt is interesting to note that if this 
type of analysis is correct, it might be expected 
that in a long series of trials under uncertainty, 
that S2» and r2 would become well dis- 
criminated from 515 and rl, and that arousal 
ОЁ r2 in the presence of SIP or of rl would 
be extinguished. Extinction would be expected 
Since there would be no apparent reinforcement 
Structure to support arousal of r2. Here it is 
assumed that offset of Sl acts as a reinforcer 
for rl, but not for r2, since only rl leads to 
51 offset. The present study does not permit 
examination of this extinction hypothesis, but 
Tesults apparently consistent with this analysis 
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were reported in the Herman and Israel (1967) 
study. Differences in response latency between 
their group experiencing S2 and their no-S2 
control group were significant only during the 
first half of the total of 144 trials administered. 
The concept of arousal of r2 by SIP or by r1 
may also explain why in the present study RT 
to 51 did not decrease with increasing. ISIs 
above 50 msec.: simply stated, arousal of r2 
by these mediated processes may be complete 
within approximately 50 msec. 

It should be stressed, however, that the ISI 
region below 50 msec. remains uninvestigated 
and might evidence some differential effects of 
S2 in subsequent investigation. In particular, 
if direct arousal of r2 by S2P were reliably 
faster than mediated arousal by SIP or by rl, 
some increased inhibitory effect on RT to SI 
at very short ISIs would be expected. Though 
there is no direct evidence yet to support this 
hypothesis, Nickerson (1967), e.g., in a PRP 
study characterized by event uncertainty for S1 
(Exp. VI). investigated ISIs over the region 
of 10-600 msec., and provided data on RTs to 
51 and to S2. His results for S1 appeared to 
indicate a very steep decrease in the RT func- 
tion over the first two ISI values tested—10 and 
75 msec.—but a relatively flat curve thereafter. 
(However, RTs to 51 at all ISIs appeared 
elevated with respect to a no-S2 control condi- 
tion—i.e, ordinary two-choice RT). It will 
be of interest to see whether values of ISI 
below 50 msec. would produce comparable ef- 
fects on RT to S1 under conditions not requir- 
ing an overt response to S2. 

Additional research is needed to consider 
more fully the implications of the present views. 
Particularly important would be studies in 
which the degree of conflict between response 
tendencies aroused by two stimuli was sys- 
tematically manipulated, as has been proposed 
previously by Reynolds (1964) for PRP studies, 
Also, further experimental analysis of the com- 
ponents of stimulus-response uncertainty—e.g., 
a design similar to that of Exp. II of Koplin 
et al. (1966), but employing. in addition, an 
independent no-S2 control group—should serve 
to clarify further the role of response conflict 
in producing the S2 delay effect. 


REFERENCES 


ApAMs, J. A. Motor skills. 
Psychology, 1964, 15, 181-201. 

Bertyne, D. E. Conflict arousal and curiosity, 
New York: McGraw-Hill, 1960. \ 

Gorrspanker, R., Вколрвехт, L., & VAN Sant, C. 
Reaction time to single and to first signals, 


Annual Review of 


112 LOUIS M 


Journal of Experimental Psychology, 1963, 66, 
163-167. 

Нғіѕох, H., & Stecer, J. A. On the inhibitory ef- 
fects of a second stimulus following the primary 
stimulus to react. Journal of Experimental Psy- 
chology, 1962, 64, 201-205. 

Herman, L. M. & Israzt, A. Decremental and 
facilitatory effects of second signals on response 
time to first signals under different levels of 
uncertainty. Proceedings of the American Psy- 
chological Association, 1967, 3, 27-28. 

KELLEHER, R. T. Chaining and conditioned rein- 
forcement. In W. K. Honig (Ed.), Operant 
behavior: Areas of research and application. 
New York: Appleton-Century-Crofts, 1966. 

Kopin, J. H., Fox, R., & Dozier, К. A failure to 
replicate the inhibitory effects of a second stimu- 
lus following the primary stimulus to react. 


. HERMAN 


Journal of Experimental Psychology, 1966, 72, 
914-916. 

Larrin, J. S., & Емкѕғх, С. W. Inhibition of a 
simple visual reaction time by a second stimulus: 
A failure to replicate. Psychonomic Science, 
1964, 1, 293-294. 

Nickerson, R. S. Psychological refractory phase 
and the functional significance of signals. Journal 
of Experimental Psychology, 1967, 73, 303-312. 

Reynotps, D. Effects of double stimulation: Tem- 
porary inhibition of response. Psychological 
Bulletin, 1964, 62, 333-347. 

Sautu, M. C. Theories of the psychological re- 
fractory period. Psychological Bulletin, 1967, 3, 
202-213. 

Winer, B. J. Statistical principles in experi- 
mental design. New York: McGraw-Hill, 1962. 


(Received June 3, 1968) 


Journal of Experimental Psychology 
1969, Vol. 80, No. 1, 113-119 


DISCRIMINATIVE AND ASSOCIATIVE ASPECTS OF 
PICTORIAL PAIRED-ASSOCIATE LEARNING: 


ACQUISITION AND RETENTION? 


HARRY P. BAHRICK 2 


Ohio Wesleyan University 


The Ss were instructed to learn details about 10 pairs of drawings of 
meaningful objects, including the specific pairings. Four degrees of training 
were used. After one of four retention intervals each S had to discriminate 
each drawing from among alternatives of scaled similarity, and then complete 
tests of associative matching. The entire design was replicated with drawings 
of meaningless material. It was concluded that discriminative and associative 
learning begin immediately and proceed independently throughout training 
with meaningful material. The two aspects are also independently forgotten. 
With meaningless material associative performance does not improve until 
some discriminative coding has occurred, but beyond this level the two 
aspects of learning proceed independently. No forgetting is observed for 
the discriminative aspects of the meaningless task over a 2-wk. period 


regardless of degree of training. 


Much recent effort has been devoted to 
the identification of component aspects of the 
paired-associate learning process. Keppel 
(1968) cites as evidence of this trend the 
large number of current multiprocess 
theories. The greatest single obstacle to 
progress of this analytic approach is the 
failure of researchers to develop the neces- 
sary analytic and sensitive indicants of 
performance. Multiprocess models can be 
documented convincingly only by means of 
performance indicants which. reflect each 
Component process with sensitivity, but are 
relatively unaffected by other component 
processes. The assessment of component 
Processes has been based on indicants such 
as the frequency of various types of errors 
(McGuire, 1961), first-given responses (Un- 
derwood, Ekstrand, & Keppel, 1965), free- 
Tecall frequencies (Jung, 1965), and paced 
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multiple choices (Schulz, Weaver, & Gins- 
berg, 1965). 

The present investigation was intended to 
contribute toward more analytic and sensi- 
tive measurement of component processes, 
and thus toward more accurate knowledge of 
the interrelations among the component pro- 
cesses. Pairs of drawings were presented as 
the learning material, and a multicategory 
scale (rather than a dichotomous one) was 
used to reflect progress in the accuracy of 
discriminating individual drawings. The 
progress measured by this scale is probabilis- 
tically related to the formation of associations 
between the pairs of drawings as reflected 
by associative matching tests. The use of 
the visual training material was chosen be- 
cause it permits the measurement of discrim- 
inative accuracy along previously established 
scales of similarity. As a result it becomes 
possible to determine how discriminative and 
associative learning with respect to the same 
items are interrelated, i.e., to what extent 
they are simultaneous, overlapping, or suc- 
cessive. The entire experiment was per- 
formed twice, with pairs of meaningful and 
pairs of meaningless drawings, since it was 
thought that the interrelations of discrimina- 
tive and associative performance would vary 
with the degree of meaningfulness of the 
training material. 
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METHOD 


General design—One hundred and sixty men and 
women undergraduate Ss at Ohio Wesleyan Uni- 
versity were shown 10 pairs of drawings of com- 
mon objects. Instructions were to learn as much 
as possible about the individual drawings as well 
as the pairings. The Ss were assigned to 16 groups 
of 10 Ss each. A 4X4 factorial design with 4 
stages of training (1, 3, 9, and 18 exposure trials) 
and 4 retention intervals (4 min., 2 hr., 2 days, 2 
wk.) was used. The Ss were then given three 
tests in succession: recognition tests for the individ- 
ual drawings exposed on the left and right side, 
respectively, and an associative matching test. 

The entire design was replicated with another 160 
Ss who were shown drawings of meaningless modi- 
fied Chinese characters. In addition, 40 control 
Ss received the associative matching test with no 
prior discriminative recognition tests. Twenty 
control Ss were trained with the meaningful mate- 
rial and 20 with the meaningless material. All con- 
trol Ss received 18 training trials, with half of them 
tested immediately after training and the other half 
2 wk. later. 

Training materials—Each drawing of a mean- 
ingful object covered approximately 1.5 sq. in. on 
the tape of an oversized memory drum. The two 
drawings comprising a pair were spaced hori- 
zontally about 2 in. apart. The assignment of 
pairs was arbitrary, but an attempt was made to 
avoid pairing of strongly associated objects. The 
paired drawings were: scissors-giraffe, lamp-hand, 
book-fence, pipe-tree, fire-picture, mountain-dress, 
spoon-glasses, watch-bed, ring-flag, and doll-gun. 
The size and arrangement of the modified Chinese 
characters was about the same as that of the mean- 
ingful objects. 

Training procedure.—The left-positioned draw- 
ing (LPD) and the right-positioned drawing 

(RPD) in each pair were presented simultaneously. 
The 10 pairs were arranged in four random se- 
quences and were exposed on an oversized memory 
drum at a 2-sec. rate. The sequences were pre- 
sented in a recycling order on successive exposure 
trials, and one-fourth of the Ss were arbitrarily 
assigned to each of the four sequences on the first 
exposure trial. The intertrial interval was 25 sec. 

Discriminative recognition tests—The Ss were 
shown 1 of the correct drawings randomly posi- 
tioned among a longitudinal array of 5 drawings of 
the same type of object. The 5 distractor drawings 
were selected from among 100 drawings so as to 
represent five approximately equal intervals along a 
scale of similarity with respect to the original 
drawing. The scaling technique which has been 
previously described (Bahrick, Clark, & Bahrick, 
1967) was applied to both the meaningful and 
meaningless material. A total of 4,000 new draw- 
ings were made to yield the recognition tests. 
Each of the tests consisted of 10 rows of 6 draw- 
ings. One row for both kinds of material is 
illustrated in Fig. 1. The drawing shown in 
training is numbered "0" and the alternatives are 
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numbered in order of decreasing similarity. The 
Ss were allowed 8 sec. to identify the original 
drawing by marking a corresponding space on an 
answer sheet. They were instructed to guess if 
they did not know the answer. Three forms of 
each test were constructed, varying the serial order 
and the position of the correct choice within each 
row. The three forms of the test were assigned to 
Ss in each group in order of their appearance for 
the experiment by a recycling order: 1, 2, 3, 1, 2, 3, 
etc. Half of the Ss in each group were adminis- 
tered the discriminative tests for LPDs first, fol- 
lowed by the discriminative tests for RPDs. The 
other half received these tests in reversed order. 
The assignment of Ss to the two orders was by sys- 
tematic alternation in accordance with the appear- 
ance of Ss for the experiment. 

Associative tests.—Two forms of this test were 
used and were arbitrarily assigned so that five Ss 
in each group received each form. One form 
required S to identify the RPD which had been 
paired with each LPD; the other form required S 
to identify the LPD which had been paired with 
each RPD. Both forms were presented on 10 
charts. The charts for LPD selection showed a 
single RPD centered on the right side of the 
chart with all 10 of the LPDs arranged in a verti- 
cal row and in random order on the left side. 
The charts for RPD selection showed an analogous 
arrangement with the single LPD centered on 
the left side. The Ss were allowed 10 sec. to indi- 
cate the correct pairing on an answer sheet. They 
were instructed to guess if uncertain. They were 
then given the next chart showing another drawing 
with all possible 10 mates, until they had matched 
all drawings. The 10 charts were given to each S 
in a new random order. In addition, three sets 
of charts varying the position of the 10 alternatives 
were assigned in recycling order to Ss in order of 
their appearance in the experiment. 

This matching procedure departs somewhat from 
more conventional versions of matching tests in 
Which all members to be paired are simultaneously 
shown (Underwood et al, 1965). The present 
Procedure was chosen because it was expected to 
reduce the dependence of later choices on the test 
on the earlier choices. The S may, and occasionally 
does, assign the same LPD to two or more RPDs, 
and Vice versa, since he is not permitted to sce 
selections he has made prior to the one he is making 
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at that time. The conventional procedure may 
result in a matching strategy according to which S 
Selects pairs in order of confidence in the choice, 
With later selections based on guessing among a 
Progressively diminishing pool of items. This 
changes the chance base line for successive choices 
and creates problems of interpretation which appear 
to be reduced by the present procedure. 


RESULTS AND DISCUSSION 


Discrimination learning.—Figures 2 and 3 
show the acquisition and retention of dis- 
crimination in the form of generalization 
gradients for meaningful and meaningless 
Material, respectively. The gradients were 
obtained by summing the total number of 
Correct responses and of first-, second-, 
third-, fourth-, and fifth-degree identification 
errors committed by each group for both 
LPDs and RPDs. Separate analysis for dis- 
crimination of LPDs and RPDs showed only 
minor differences, with slight superiority of 
performance for RPDs. Since all drawings 
Were exposed simultaneously and for equal 
durations, the differences appear to reflect 
primarily differences in the distribution of 
attention. 
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Fic. 3. Generalization gradients for meaningless 
material at four levels of training. 


The gradients are generally smooth and 
monotonic, increasing in slope with increased 
practice. This confirms the earlier finding 
(Bahrick et al, 1967) that the method re- 
liably and sensitively reflects the acquisition 
of discrimination. 

The method is capable of reflecting acqui- 
sition of discrimination for both meaningless 
and meaningful material, although sensitiv- 
ity is lost with high degrees of training on 
the meaningful task. The gradients for 
meaningless material show a much gentler 
slope, indicating the greater difficulty of 
this discrimination task. Yet, after only 3 
exposure trials there was clear evidence of 
discrimination. There were five times as 
many correct choices as fourth- or fifth- 
degree errors. Performance on the meaning- 
ful task after a single training trial was ap- 
proximately comparable to performance on 
the meaningless material after 18 exposures, 
The number of correct choices, and first- 
second-, third-, fourth-, and fifth-degree 
errors summed for all Ss trained with mean- 
ingful material were: 2,040, 463, 254, 185, 
134, and 124, respectively. The comparable 
frequencies for all Ss trained with the mean- 
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ingless material were: 1,157, 686, 433, 383, 
274, and 267. These monotonic tunctions 
document that discrimination is measured 
with respect to an ordered scale rather than 
with respect to a dichotomy. Acquisition of 
discrimination is reflected not only by the 
increase in the number of correct responses 
with increased practice but also by changes 
in the error distribution, 1.e., increased slope 
of the gradients. The frequencies of first-, 
second-, third-, fourth-, and fifth-degree 
errors for all Ss tested after a single ex- 
posure trial with meaningful material were: 
153, 108, 69, 73, and 63, respectively. After 
18 training trials the frequencies were: 66, 
24, 16, 8, and б. With meaningless material 
the comparable error distributions were: 
175, 114, 129, 117, and 107 after a single 
trial, and 155, 97, 56, 41, and 34, after 18 
exposures. 

Retention of discrimination.—Comparison 
of the four gradients within each quadrant of 
Fig. 2 and 3 shows retention of discrimina- 
tion for both task versions and for each de- 
gree of training. The dominant result was 
the small amount of forgetting. This was 
particularly true for the meaningless task. 
No retention loss was observed over the 2- 
wk. period regardless of the degree of 
original training. Even the very small 
amount of learning achieved aíter a single 
exposure trial was maintained over 2 wk. 
The observed stability of retention applies 
not only to the probability of a correct recog- 
nition, but also to the probability of errors of 
varying magnitude. Thus, the degree of 
learning of individual drawings (which is 
not subject to observation with conventional, 
dichotomous recognition tests) does not 
seem to be a significant consideration in ac- 
counting for the stability of retention here. 
The results suggest that the perfection of 
discrimination with respect to a particular 
drawing represents the successive learning of 
the discriminating features of each drawing. 
The number of learned features is related to 
gradual reduction in the recognition error 
magnitude for that drawing. Stability of 
performance over the 2-wk. retention inter- 
val appears to be independent of the number 
of stimulus features which have been learned. 
Although some loss of discrimination did 
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occur with the meaningful material, it was 
smaller than that observed in the earlier 
study (Bahrick et al, 1967) using similar 
material At low degrees of training this 
loss seems to occur mostly during the first 2 
hr. after training. The level of retention 
of meaningful material following 1 training 
trial was comparable to that of meaningless 
material after 18 training trials when tested 
immediately after training. Two hours later 
the meaningful material showed a greater 
loss of retention. The retention difference 
undoubtedly reflects interaction with differ- 
ences in the rate of original learning, which 
cannot be adequately controlled here (Under- 
wood & Richardson, 1956). 

Associative learning —Figure 4 shows the 
acquisition and retention of associative 
matching for both classes of drawings. For 
the meaningless task, accuracy had not yet 
risen far above the chance level (10%) after 
three training trials, whereas for the mean- 
ingful task, it significantly exceeded chance 
following a single trial. Separate analyses of 
the LPD and RPD selection versions of the 
matching tests showed a slight superiority 
for the LPD selection for both meaningful 
and meaningless material. 

Associative retention—With 9 and 18 
training trials there was considerable reten- 
tion loss over the 2-wk. interval; the curves 
are negatively accelerated if a linear time 
plot is used. However, with 1 and 3 training 
trials very little forgetting occurred. For the 
meaningless task this is so because associa- 
tive matching had not yet risen sufficiently 
far above the chance level at this stage of 
training—there was nothing to be forgotten: 
The results for the meaningful material аге 
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Fic. 4. Acquisition and retention of 
associative matching. 
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probably accounted for in terms of item se- 
lection. Early in training S singles out a few 
associations which are easy for him (Battig, 
1966) and the retention of such a short and 
easy list is likely to be superior to the reten- 
tion of the longer, more heterogeneous one 
which must be retained at higher levels of 
training. This confounding of degree of 
training with item selection and length of 
list is unavoidable in the type of design used 
here, and it precludes a more analytic in- 
erpretation of the variations in slope of re- 
tention curves for associative matching as a 
unction of the degree of training. These 
limitations of interpretation do not apply 
equally to retention of the discriminative task 
because the measurement for this aspect 1s 
not a dichotomous one. The generalization 
gradients reflect some learning with respect 
to most of the material even at low training 
evels (the number of fifth-degree errors was 
small) and thus “length of list” is more 
nearly controlled in this comparison. — 

Despite the fact that the tests for discrimi- 
native and associative performance are not 
directly comparable, it is tempting to con- 
clude that item discrimination 18 retained 
better than associative pairing. Certainly 
this appears to be true for the meaningless 
material for which no loss in discrimination 
was observed regardless of training level. 
The generality of this conclusion cannot be 
established, however. The results may 


simply reflect differences in intratask inter- 
ference with respec 


t to the associative and 
discriminative components, Or they may 
Doint to more intrinsic differences 1n the sta- 
bility of these component processes. . 

Effect of discrimination tests on Дыш 
live tests —Data for associative pairing 0 
the four control groups are compared in 
Table 1 to the data for the comparable ex- 
Perimental groups. None of the differences 
etween experimental and control groups ар- 
Proached statistical significance, / (18) — 
34, 60, 10, 72, p > .20. Since the control 
Sroups did not receive discriminative tests 
Prior to the associative matching tests, the 
ect of the discriminative tests ОП the — 
p INR tests must be small. Of course, this 
PXclusion is not equally firm with respect : 
le training and retention levels for which 
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TABLE 1 


ASSOCIATIVE MATCHING BY EXPERIMENTAL 
AND CONTROL GROUPS 


Meaningful material | Meaningless material 


Group 4 min. 2 wk 4 min. 2 wk. 
M|SD|M | SD|M|SD| M |SD 
Control 9.5 | 1.2 | 6.7 | 3.2 | 4.1| 2.4 | 2.2 | 1.6 
Experimental] 9.3 | 1.3 | 5.8 | 3.2 | 4.2 | 1.6 | 1.8 | 1.1 


no control data were collected. It is possible 
that more significant interaction effects 
among the tests were present at lower levels 
of training. 

Contingencies between discrimination and 
associative pairings.—Perhaps the most im- 
portant analysis available from this investi- 
gation relates the degree of discrimination 
for drawing to the probability of forming an 
association between drawings. Thus every 
response on the discrimination tests was 
classified depending on whether or not S 
had correctly assigned that drawing to its 
corresponding member on the subsequent 
matching test. Results for LPDs and RPDs 
were averaged because the total number of 
responses per group was only 100, prohibit- 
ing the separate calculation of reliable con- 
tingent probabilities. The number per cate- 
gory was further increased by combining into 
a single category errors of the third through 
fifth order of magnitude, and by averaging 
group data either across degrees of training 
or across retention intervals. This yielded 
800 associative responses for classification 
among the remaining four categories of dis- 
criminatory accuracy. The resulting contin- 
gent probabilities each based on an average 
N of 200 are presented in Table 2, Every 
datum in Table 2 is the average of eight 
quotients and each quotient was obtained by 
dividing the number of correct associative 
matches for LPDs or RPDs identified at a 
certain level of accuracy by a_ particular 
group by the total number of drawings recog- 
nized at that level of accuracy. The proba- 
bilities are shown as a function of the degree 
of training independent of the retention in- 
terval, and as a function of the retention 
interval independent of the degree of train- 
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TABLE 2 


MEAN CONTINGENT PROBABILITIES OF CORRECT 
ASSOCIATIVE MATCHING FOR DRAWINGS 
DISCRIMINATED WITH VARYING 
DEGREES OF ACCURACY 


Delay Trials 
Category " " 
R d dus & | 9 |18 
min. | hr. | days wi. | 1 


Meaningful material 


Correct .65 | .60| .54 |.51 | .24 | .48 | .78 |.80 
Error 1 .63 |.52| .60 |.47 | .20 | .54 | .80 |.78 
Error 2 .66 | .61 | .39 | .41 | .21 | 42 -69 -18 
Errors 3-5 | .62 |.59 | .54 | .43 | -16 | -49 | -79 | .76 


Meaningless material 


t 26 |.25 | .15 1.17 | .11 |.14 | .23 | -34 
Боге .24 | .23 | .19 | .17 | .11 | .14 | -23 | .32 
Error 2 .30 |.20| .26 |.12 | .09 | .14 | .24 |.31 
Errors 3-5 | .22 | .22 | .16 |.09 | .10 | .12 | .19 | .28 


ing. They are shown separately for mean- 
ingful and meaningless material. Thus the 
value of .65 in Row 1, Column 1 gives the 
mean contingent probability of a correct as- 
sociative match for those drawings which 
were identified without error by the four 
groups of Ss who were tested immediately 
on meaningful material. 

The most important general conclusion is 
that the associative and the discriminative 
processes of learning are comparatively in- 
dependent. For meaningful material the 
contingent probabilities do not vary sys- 
tematically as a function of discrimination 
except possibly following a single trial. 
Beyond this initial level of training acquisi- 
tion of the discriminative and the associative 
aspects of the task progress independently of 
each other. 

'The above result is perhaps not surpris- 
ing if one considers that the associative 
process may depend heavily on verbal coding 
of the drawings and that this coding may 
proceed quite independently of the encoding 
of the visual details needed for correct dis- 
crimination. This explanation is less satis- 
factory, however, for the meaningless mate- 
rial For these drawings performance in 
associative matching does not rise far above 
the chance level until at least three training 
trials have been completed. Once associa- 
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tive performance does begin to improve, 
the improvement is independent of the level 
of discrimination. Thus the probability of 
correctly matching a correctly discriminated 
drawing is not significantly greater than the 
probability of correctly matching a drawing 
for which third- to fifth-degree discrimina- 
tion errors are committed. This is true 
across all levels of training and for all re- 
tention periods with the possible exception 
of 2 wk. At the end of 2 wk. there is some 
correlation between associative and discrimi- 
native performance. For the meaningless 
material it would thus appear that a cer- 
tain level of item discrimination must be 
reached before improvement of associative 
matching is possible, but that the two aspects 
continue to improve independently of each 
other once this stage has been reached. 

Since discriminative performance suffers 
no significant retention loss over the 2-wk. 
period, as established earlier, there is no 
possibility of a correlated retention loss of 
the discriminative and associative aspects of 
performance. The slight relation observed 
for the 2-wk. interval must therefore be ac- 
counted for by a selective retention loss of 
associations for those drawings for which 
the discrimination was originally less well 
developed. 

These results suggest that discriminative 
learning progresses to a stage where the 
various items can be differentiated from each 
other, possibly by use of a prominent visual 
feature. Once this has happened, improve 
ment in associative matching occurs, even 
though discrimination has not yet progresse 
sufficiently to permit accurate discrimination 
from similar alternatives. It would furthet 
appear that the progress of associative leat!” 
ing does not benefit from progress in dis 
criminative learning beyond this gross differ- 
entiating stage. This finding is consistent 
with the interpretations of Saltz (1961; 
1963), McGuire (1961), ^ Underwoo 
(1963), and others, who have postulated that 
Ss may use a portion of a stimulus as th? 
functional stimulus in forming paired ass0" 
ciations. The present data offer more or 
rect empirical support for the statistical і 
dependence of the two learning process, 
Independent forgetting of the respon’ 
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differentiation and associative aspects of 
Paired-associate learning is also supported 
by Saltz and Youssef (1964). 

Since with meaningful material the stage 
of gross differentiation among the drawings 
1s achieved during the first exposure, the 
functional stimulus does not need to be ac- 
quired over several trials. Thus the dis- 
Criminative and associative aspects of the 
learning process overlap from the beginning 
of training. 

No correlation is observed for the dis- 
Criminative and associative aspects during 
retention of the meaningful material. The 
functional stimuli, i.e., the differentiating as- 
pects necessary for learning associations, are 
not forgotten, and apparently additional stim- 
ulus information is not necessary for the for- 
mation or maintainance of associations. 
With meaningless material the functional or 
coded stimuli which serve for gross differ- 
entiation must be learned, and may be for- 
gotten over a 2-wk. period. However, in 
view of the observed stability of retention of 
discriminative detail of the meaningless 
drawings, forgetting of the functional stimuli 
must be minor. 
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EFFECTS OF DELAYED INTERFERENCE 


ON LIST 1 


RECALL' 


THERESA S. HOWE? 


Institute of Human Learning, University of California, Berkeley 


When a critical list (CL) was learne 
delayed interference conditions (an inte: 
after the learning of CL) were found 


d to a very high level of mastery, 
rfering list, IL, learned several days 
to produce more interference than 


immediate interference conditions (the IL learned immediately after the 
learning of CL). This phenomenon was predicted from the hypothesis that 
the amount of interference measurable is inversely related to level of recall 
of CL in control conditions—a hypothesis derived from previous experiments 


analyzing recall of individual items within CL. 


effect was observed at two CL-IL ir 


The delayed interference 
intervals. (2 and 4 days), and was 


replicated in two independent experiments. 


Recall of a critical list (CL) is reduced 
when an interfering list (IL) is learned 
following the learning of CL. Other things 
constant, recall of CL tested aíter learning 
IL should reflect the strength of CL prior to 
the introduction of IL. As a consequence, 
when IL is introduced at varying time in- 
tervals after the learning of CL, forgetting of 
CL over time should be reflected in the 
amount of interference produced by IL. 
However, the results of experiments manip- 
ulating the temporal interval between the 
learning of CL and the learning of IL 
(Archer & Underwood, 1951; Houston, 
1967; Newton & Wickens, 1956, Exp. I) 
do not support this expectation. In these 
experiments, interference observed on CL 
did not reflect the previous losses in СТ, over 
time. These results are inconsistent with 
several theories of interference discussed by 
Newton and Wickens. Of equal signifi- 
cance, these results are inconsistent with the 
assumption that losses in CL over time re- 
flect a “weakening” of CL, if weakening is 


1 This study was performed while the author was 
а postdoctoral fellow at the Institute of Human 
Learning, University of California, Berkeley. The 
author wishes to thank Leo Postman for providing 
the facilities necessary to conduct this research. 
She also acknowledges the very real and helpful 
contributions made by Isabel Birnbaum during sev- 
eral early discussions of the problem. 

? Requests for reprints should be sent to Theresa 
S. Howe, who is now at the University of Missouri 
at St. Louis, Department of Psychology, St. Louis, 
Missouri 63121. 
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assumed to imply an increased susceptibil- 
ity to interference. 

There is evidence that a decrease in the 
probability of recall of CL considered as а 
whole (total recall) does not represent sim- 
ple, uniform changes within CL, but instead 
reflects changes in the nature of CL. Sev- 
eral days after learning CL, the items re- 
called are primarily those which were first 
learned and anticipated most often during the 
learning of CL— "strong" items— ( Birn- 
baum, 1965; Howe, 1967; Runquist, 1957: 
Warr, 1964). Interference from one or sev- 
eral subsequent ILs is also reflected pri- 
marily as a loss of weak items (Birnbaum. 
1965; Howe, 1967). Thus a partial loss of 
CL results in a list which contains primarily 
strong items. Since strong items are re- 
sistant to interference, measurable incre- 
ments in interference after partial loss 
should become increasingly difficult to ор“ 
tain. It is not implied that strong items do 
not undergo interference, but only that 
strong items reflect less change as а conse 
quence of interference than do the weaker 
items. 

This analysis provides an explanation of 
negative results obtained in experiment? 
varying the interval between CL and П 

з When CL-IL interval is manipulated and СІ 
recall interval is held constant, the IT.-recall intef* 
val necessarily varies. The term CL-IL interval s 
intended as a neutral one involving no presumptio* 
about the locus of the delayed interference effc 


" ] n d 
in cither the CL-IL interval or in the confound? 
IL-recall interval. 


DELAYED INTERFERENCE AND LIST 1 RECALL 


Recall levels in the studies of Archer and 
Underwood (1951), Newton and Wickens 
(1956), and of Houston (1967), were quite 
low. Recall for groups in which CL-IL in- 
tervals were a few minutes (the condition 
expected to produce the least interference) 
ranged from 24% to 52% in these experi- 
ments. When recall in an interference con- 
dition is so low, demonstration of poorer 
recall in another interference condition (e.g., 
at long CL-IL intervals) would require 
large losses of strong items. However, large 
losses of strong items are unlikely to occur. 
As a consequence, an experiment may be 
insensitive to interference effects when re- 
call is low. Such an assumption has been 
made by other authors. For example, New- 
ton and Wickens (1956) suggested that the 
influence of CL-IL interval on recall may 
have been masked by large interference ef- 
fects in their Exp. I. The CL-IL interval 
affected recall under lesser interference con- 
ditions (the A-B, C-D paradigms used in 
their Exp. II and III). Postman and Riley 
(1959) observed a paradoxical direct rela- 
tion between amount of interference from IL 
and degree of learning of CL. and assumed 
that it reflected a tendency for measurable 
interference to decrease with the overall level 


of recall. The advantage of the present in- 
{ such results in terms of dif- 
of strong and weak 


provides a basis for 


terpretation of such 
ferential susceptibility 


items to loss is that it basi 
a priori determination of the sensitivity of 


an experiment. That is, an experiment 
should be sensitive when some weak items 
are recalled in the appropriate comparison 
condition since interference effects can then 
be demonstrated when these maximally sus- 
ceptible items are lost. | | i 
The present experiments investigated the 
effects of CL-IL interval on recall. High 
degrees of learning of CL were used to en- 
sure recall of weak items in comparison con- 
ditions. Experiment IT was performed to 
replicate the results obtained in Exp. I and 
to verify their applicability to a different 


CL-IL interval. 


METHOD 


1 1 т " . ğe 
Pesign—The design of both experiments ir 
asic variable. 


Volved interference condition as the b: 
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The values of this variable were: control (C) 
immediate IL (D; and delayed IL (D). The C 
Sroups were noninterference conditions. For all 
interference groups (I and D) the interference 
paradigm was A-B, A-C. In all groups, CL 
was tested for recall either 2 or 4 days aíter the 
learning of CL. All I groups learned A-C im- 
mediately after the learning of A-B, with a CL-IL 
interval of 2.5 min. The D groups learned A-C 
immediately before recall of CL ; thus for D groups 
the CL-IL interval was either 2 or 4 days. 

In Exp. I, interference condition (C vs. I vs. 
D) was the only variable. For all groups, recall 
of CL was tested 4 days after the learning of CL. 
The CL-IL interval for I was 2.5 min.; for D it 
was 4 days. 

In Exp. II, recall of CL was tested either 2 
or 4 days after the learning of CL. Interference 
condition (C vs. I vs. D) was combined factorially 
with recall interval (2 vs. 4 days) in a 3X2 
design. Conditions D-2 and D-4 learned IL im- 
mediately before the test for recall of CL. 

Proccdure.—Except where indicated, the pro- 
cedures of Exp. II were identical with those of 
Exp. L Lists were presented on a Stowe memory 
drum at a 2:2 sec. rate with a 4-sec. intertrial inter- 
val. AIl groups learned CL to a criterion of 12/12 
responses correct, followed by 20% overtraining. 
The number of overtraining trials given a particular 
S was 20% of the number of trials to criterion of 
12/12 for that S. The I groups began IL 2.5 min. 
after the end of practice on CL; the D and C 
groups were given an arithmetic task 2.5 min. 
after the end of practice on CL. The arithmetic 
task continued for the same time period allotted to 
I for the practice of IL. All Ss were dismissed 
approximately 15 min. aíter the end of practice on 
CL. On their return 2 or 4 days after learning CL, 
D-2 and D-4 groups were given IL and then tested 
for recall of CL; C and I groups were tested for 
recall of CL immediately on return. In Exp. I, 
the D and I groups received 15 trials on IL; in 
Exp. II, the D and I groups received 16 trials 
on IL. 

For all Ss recall was tested by modified-modified 
free recall (MMFR). In MMFR, stimuli were 
presented on a sheet of paper, and Ss wrote re- 
sponses from all lists learned opposite the appro- 
priate stimulus. The MMFR test was terminated 
when S felt unable to recall any more responses. 
Maximum time permitted for MMFR was 10 min. 
Immediately following MMFR a matching task 
was given. The stimuli and responses from CL 
were presented on a single sheet and S was in- 
structed to write each response beside its appropri- 
ate stimulus. Maximum time permitted for match- 
ing was 8 min. 

Materials.—The lists were selected from among 
the five lists of paired associates used by Postman 
(1965). In each list the same 12 stimuli were 
paired with different responses. Stimuli were 12 
nonsense syllables of 45-55% association value, 
Responses were 60 two-syllable adjectives. Formal 
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similarity and similarity of meaning were minimized 
within and between lists. Five orders of presenta- 
tion were used with each list; four orders were 
used equally often to begin CL. In Exp. I, Post- 
man’s five lists were used equally often in each con- 
dition as CL, as IL, and in CL-IL combinations 
with every other list. In Exp. II, the three lists 
which had yielded least variability among Ss in 
learning in Exp. I were used. The three lists used 
in Exp. II were balanced over conditions as in 
Exp. I. 

Subjects—The Ss in both Exp. I and Exp. II 
were undergraduates either fulfilling course re- 
quirements or paid for service. In Exp. I, 60 Ss 
were used, 20 in each of three groups. In Exp. II, 
72 Ss were used, 12 in each of the six groups. 
The Ss were assigned to conditions in blocks of 
three in Exp. I and in blocks of six in Exp. II. 
The order of running Ss was such that first-day 
treatment on 1 S in each condition was completed 
before the next block was begun. 


RESULTS 


Comparability of  growps.—The mean 
number of trials to criterion of CL in Exp. 
I was 15.6. Individual means ranged from 
15.3 to 16.2, F (2, 59) < 1.00. The mean 
number of correct anticipations in 15 trials of 
IL in Exp. I was 110.8. Individual means 
were 108.2 and 113.2, F (1, 36) < 1.00. 

The mean number of trials to criterion of 
CL in Exp. II was 12.6. Individual means 
ranged from 11.9 to 13.5. Ina two-way 
analysis of variance on trials to criterion in 
Exp. IT, with interference condition (C vs. I 
vs. D) and time (2 vs. 4 days) as variables, 
all Fs for main effects and interactions were 
< 1.00. The mean number of correct antici- 
pations in 16 trials of IL in Exp. II was 
132.9. Individual means ranged from 123.8 
to 142.8. A two-way analysis of variance on 
correct anticipations in IL with conditions 
(I vs. D) and time (2 vs. 4 days) as vari- 
ables yielded no significant main effects or 
interactions, all Fs < 1.00. Learning differ- 
ences in Exp. I and Exp. II reflect the 
easier lists and the additional trial of IL in 
Exp. II. 

Recall of CL.—For both experiments a 
response was scored as correctly recalled 
only if it was paired with the appropriate 
stimulus in MMFR. The mean number of 
items correctly recalled in MMFR in Exp.I 
is given in Table 1.4 А one-way analysis of 

+The results obtained when responses given in 
MMFR were scored as correct even when not 


TABLE 1 


Mean NuMBER oF CL Responses RECALLED IN 
MMFR, Exp. I AND II 


Interference condition 


Experiment 
С I D 
I 
CL-recall, 4 days 9.80 9.05 5.80 
Il 
CL-recall, 4 days 9.00 7.50 5.83 
CL-recall, 2 days 11.58 9.17 TAT 


variance comparing number correctly re- 
called in MMFR for C, I, and D yielded F 
(2, 59) = 20.32, р « .005. Delayed inter- 
ference (D) resulted in poorer recall than 
immediate interference (I), F (1, 59) — 
25.21, р < 005. This result is contrary to 
the results of previous experiments, in which 
D and I groups exhibited similar levels of 
recall of CL. The present results are con- 
sistent with the assumption that high levels 
of CL recall reflect sensitivity of an experi- 
ment to differences in interference conditions. 

The mean number correctly recalled in 
MMFR for each condition in Exp. II is also 
given in Table 1. The 4-day groups in Exp. 
II constitute a replication of Exp. I. Mean 
recall was quite comparable in Exp. I and II 
for the C and D groups. Mean recall in I-4 
was lower in Exp. II than in Exp. I, (6296 
rather than 75% of CL). However, the 
relative position of I and D groups is the 
same in Exp. I and II. 

A two-way analysis of variance was per- 
formed on number of items recalled in 
MMFR, with interference condition (C vs. І 
vs. D) and time (2 vs. 4 days) as variables. 
Recall reflected interference condition, F (2, 
66) = 14.65, р < .005. Recall іп D was 
poorer than recall in I, F (1, 66) = 6.84, p 
< .025. These results confirm the findings 
of Exp. I, and extend them to a 2-day CL-IL 
interval. Recall scores were higher for 2-day 
groups than for 4-day groups, F (1, 66) — 


paired with the appropriate stimulus items— 
“lenient” scoring of MMFR-— were entirely con- 
sistent with those for the strict scoring of MMFR. 
Similarly, the Matching Test data yielded outcomes 
concordant with those obtained with MMFR: 
Lenient MMFR and Matching data for Exp. I and 
II are available from the author on request. 
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10.58, p « .005. The Time X Interference 
Condition interaction was not significant, F 
« 1.00. 

Recall of individual items.—Recall was de- 
termined for categories of item strength, pro- 
viding a test of comparability of the present 
results with those of previous experiments. 
For each S, the 12 CL items were ranked 
according to the number of correct anticipa- 
tions during learning. The item anticipated 
most often during learning of CL was as- 
signed a rank of 1. Recall of items of a 
particular rank was then averaged over Ss 
within one condition. This is the method 
of determining item strength used by Run- 
quist (1957). Warr (1964) used several 
methods of determining item strength on the 
same data and found comparable results 
with all methods. The present method takes 
account of idiosyncratic strength of each 
item for individual Ss, thereby eliminating 
some error in determining the relation of 
recall to item strength. 

Table 2 represents average recall for four 
categories of item ranks, 1-3, 4-6, 7-9, 10- 
12. For items of tied strengths, pro rata 
fractions of recall of the tied items were as- 
signed to the categories involved in the tie. 
This method provided three items 1n each of 
the four categories of item strength. 

A three-way analysis of variance was per- 
formed on the data represented in Table 2, 
with interference condition (C vs. I vs. D) 
and time (2 vs. 4 days) as variables, and 


with item strength (1-3 vs. 4-6 vs. 7-9 vs. 
measure. Item 


10-12) as a repeated 
strength affected recall, F (3, 198) = 38.97, 
p< .001. The Interference Condition X 


tion was significant, F 
005. The interaction 
vs. interference group 


Item Strength interac 
(6, 198) = 5.56, р < 


represents primarily С 


Category 4-6. 
4/4 of the tied items were recal 
recall of 4/4 X 3=3 is assigned to Category 
and of 4/4 x 1 —1 is assigned to Category ^7» 
Only 2 of the 4 items were recalled, recall of е: 
277 L5 is assigned to Category 1-3, and of 2/4 X 
7 5 is assigned to Category 4-6 for that S. 
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TABLE 2 


Mean NuMBER or CL Responses RECALLED 
MMER ron Four CATEGORIES ОЕ ITEM m 
Ranks, Exp. II 


теше Categories of item rank 
condition Es 
1-3 4-6 7-9 | 10-12 
2-day groups 
С 2.98 | 2.84 | 2.84 | 2.92 | 11.58 
I 2.81 | 2.56 | 2.24 | 1.54 | 9.17 
D 2.40 | 2.12 | 1.80 Sx М7 
4-day groups 
С 2.75 | 2.32 | 1.85 | 2.08 | 9.00 
I 2.43 | 2.14 | 1.61 | 1.32 7.50 
D 247 | 141 | 1.53 71 | 5:83 


(1+ D) differences; for the C vs. (1+ D) 
X Item Strength interaction, F (1, 198) — 
29.12, p < .005; and for the I vs. D X Item 
Strength interaction, F = 3.85, 05 <р < 
10. The Time X Item Strength and Inter- 
ference Condition X Time X Item Strength 
interactions were not significant, Fs « 1.38. 
The significant Interference Condition X 
Item Strength interaction reflects compar- 
able recall of strong and weak items when 
total recall is high (as in C-2), with mark- 
edly increasing loss of weak items as total 
recall declines. Weak items thus contribute 
more than strong items to the total loss. For 
example, in the 2-day groups, total loss in I 
was 2.83 items (24%), but the three weak- 
est items showed a loss of 1.46 items (49%). 
Total loss in D was 4.83 items (40%), but 
the three weakest items showed a loss of 2.15 
(72%). This pattern of results is entirely 
consistent with the results of previous studies 
presenting item analyses, and demonstrates 
the resistance of strong items to interference 
which provides the basic assumption of the 
present experiments. It was assumed that 
interference is most readily observed on the 
weaker items. Weak items are lost as loss in 
the comparison groups increases, hence addi- 
tional interference becomes increasingly diffi- 
cult to measure. In the present experiments 
a high degree of learning of CL was used to 
minimize loss in C and in I groups so that T 
vs. D differences could result from the loss 
of weaker items. The assumption that sensi- 
tivity of experiments to differences among 
interference conditions can be roughly eva]. 
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uated by examining the level of loss in the 
comparison interference group thus receives 
some support. 


DiscussioN 


The CL-IL variable has been of theoretical 
interest because of its assumed relevance to par- 
ticular theories concerning the mechanism of 
interference. For example, it has been assumed 
that poorer recall in D than in I conditions 
would support the unlearning-spontaneous re- 
covery theory of interference, and that similar 
recall in D and I would disconfirm that theory 
(Houston, 1967; Newton & Wickens, 1956). 
Such theories are actually theories of the inter- 
ference potential of D and I conditions; 1.е., 
theories that during or after the learning of 
IL, D and I conditions produce different 
amounts of change in CL. As discussed pre- 
viously, there is evidence that the amount of 
interference measurable is affected by recall in 
the C conditions (e.g., Postman & Riley, 1959). 
As a consequence, recall after IL must be as- 
sumed to reflect, at least in part, any differences 
in CL before the learning of IL. The obtained 
differences between I and D conditions can 
reasonably be interpreted in terms of differences 
in CL prior to the learning of IL. As a con- 
sequence, conclusions about the interference po- 
tential of D and I groups cannot be made, and 
the present results neither support nor discon- 
firm any theory of interference. The interfer- 
ence potential of I and D groups can only be 
assessed when the influence of the strength and 


nature of CL on interference is better under- 
stood. 


REFERENCES 


Аһснев, E. J, & Unperwoon, В. J. Retroactive 
inhibition of verbal association as a multiple 
function of temporal point of interpolation and 
degree of interpolated learning. Journal of 
Experimental Psychology, 1951, 42, 283-290. 

Вікхвлом, І. M. Long-term retention of first- 
list associations in the A-B, A-C paradigm. 
Journal of Verbal Learning and Verbal Behavior, 
1965, 4, 515-520. 

Houston, J. P. Retroactive inhibition and point 
of interpolation. Journal of Verbal Learning and 
Verbal Behavior, 1967, 6, 84-88. 

Howz, T. S. Unlearning and competition in List 1 
recall. Journal of Experimental Psychology, 
1967, 75, 559-565. nt 

Newton, J. M, & Wickens, D. D. Retroactive 
inhibition as a function of the temporal position 
of the interpolated learning. Journal of Ex- 
perimental Psychology, 1956, 70, 237-245. 

Postman, L.  Unlearning under conditions of 
successive interpolation. Journal of Experi- 
mental Psychology, 1956, 51, 149-154. 

POSTMAN, І, & Rey, D. A. Degree of learning 
and interserial interference in retention. Univer- 
sity of California Publications in Psychology, 
1959, 8:4. i T 

Runguist, W. N. Retention of verbal associates 
as a function of strength. Journal of Experi- 
mental Psychology, 1957, 54, 369-374. 

Warr, P. B. The relative importance of proactive 
inhibition and degree of learning in retention of 
paired associate items. British Journal of Psy- 
chology, 1964, 55, 19-30. 


(Received June 6, 1968) 


Journal of Experimental Psycholo, 
1969, Vol. 80, No. 1, 125-132 d 


ADAPTATION TO SPLIT-FIELD WEDGE PRISM SPECTACLES! 
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Adaptation to split-field prisms was measured by a battery of sensory-motor 
coordination tests in two experiments. Gaze-contingent adaptation of the 
type reported by Ivo Kohler (1964) was found. The various tests and eye- 
movement pictures were interpreted to suggest that the mechanism for such 
adaptation involves a change in registered eye position. Reliable gaze- 
contingent adaptation is obtained after 2 wk. of exposure but some evidence 
for the existence of such conditional adaptation can be obtained with 4 hr. of 


controlled exposure. 


Ivo Kohler’s (1964) classical work on 
adaptation to visual distortion has often 
been cited in support of the existence of 
aftereffects contingent on direction of gaze. 
Some of the evidence for these gaze- 
contingent effects came from his experi- 
ments in which Ss wore spectacles fitted 
with wedge prisms. The shapes of objects 
viewed through a wedge prism appear to 
vary depending on the direction of gaze 
through the prism. Kohler reported that 
the adaptation to this distortion is reflected 
in aftereffects in which the shapes of 
objects viewed without prisms appear to 
differ as a function of direction of gaze. 
These results have recently been replicated 
by the present authors (Hay & Pick, 1966a ; 


Pick & Hay, 1966). 
The two most 
however, purporting 
existence of gaze-contingent aftereffects 
involved the wearing of split-field spec- 
tacles. In one case the visual field was split 
vertically and the left and right fields were 
viewed through glass of different colors. 
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Kohler (1964) reported that adaptation to 
both colored fields occurred such that S 
experienced an aftereffect of a comple- 
mentary color when looking in the direction 
of either initial color. The evidence for 
such a gaze-contingent “color”? adaptation 
to this type of distortion has recently been 
questioned by Harrington (1965) and by 
McCullough (1965), who were unable to 
obtain the same result. In Kohler's other 
procedure the visual field was split hori- 
zontally and the upper half of the visual 
field was viewed through a wedge prism 
while the lower half was undistorted. 
Kohler reported adaptation to the various 
distortions produced in the prismatic part 
of the field—adaptation which was con- 
tingent on looking up in the direction of the 
prismatic view. 

The present study is concerned with this 
second type of split-field arrangement and 
in many respects is a replication of Kohler's 
(1964) work. This report focuses on 
adaptation to one of the distortions pro- 
duced by prisms, the optical displacement. 
Visual stimuli observed through a prism are 
optically displaced toward the apex of the 
prism. When only the upper or lower half 
of the spectacles are prisms, as in Kohler’s 
experiment, the optical displacement occurs 
only when viewing in the direction of the 
prismatic part of the spectacles. If gaze- 
contingent adaptation occurs, it should 
manifest itself in the form of larger after- 
effects when viewing in the direction of the 
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prismatic field (after the spectacles are 
removed). 

The present report consists of a compari- 
son of spectacle-induced changes in sensory- 
motor coordination tasks when the stimuli 
were presented so as to be in the direction 
of the prismatically viewed field and in the 
direction of the undistorted field. 

The distortion produced by such half 
prisms is depicted in Fig. 1, which shows 
what a square and cross would look like if 
seen through such spectacles. 


EXPERIMENT I 
Method. 


Exposure conditions.—Six women and two men 
carried out their normal activities as college students 
while wearing split-field spectacles during waking 
hours for 14 days. The visual field was split hori- 
zontally with the lower half viewed through clear 
glass for half of the Ss and the upper half through 
clear glass for the other Ss. The other half of the 
visual field was viewed through a 20-diopter wedge 


Fic. 1. Comparison of view of cross and square 
seen through clear glass and through split-prism 
spectacles. (Upper half of figure is view through 
clear glass. Lower half is view through split-prism 
spectacles with base right prisms in upper half of 
visual field and clear glass in lower half.) 
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prism made of optical crown glass. The prism half 
of the field was oriented with bases right and bases 
left for equal numbers of Ss. The optical displace- 
ment produced by the prism was approximately 11°. 
Side occluders prevented any peripheral view beyond 
the edges of the spectacle frames. The size of the 
binocular visual field was approximately 50? vertic- 
ally and 60° horizontally. 

Coordination tests.—The coordination tests were 
modeled after those used in an earlier study (Hay & 
Pick, 1966b). In that study tests involving pointing 
but not viewing (e.g., pointing at sounds) showed 
one course of adaptation and were hypothesized to 
reflect proprioceptive changes. Tests involving 
viewing but not pointing (e.g., naming the visual 
locus of sounds) showed a different course of adapta- 
tion and were hypothesized to reflect visual changes. 
Tests involving both viewing and pointing (e.g., 
pointing at visual targets) showed a course of adapta- 
tion that was the algebraic sum of the proprioceptive 
and visual changes. 

In the present study Ss who were exposed to split- 
field prism spectacles were given a battery of similar 
Proprioceptive, visual, and visual-proprioceptive 
tests. One proprioceptive test was used: With eyes 
closed S pointed at the apparent location of a sound 
(point-to-sound test). Three visual tests were 
employed: In one test (name-the-sound test) S was 
asked to name the lateral position along a meter 
scale of a sound presented from behind a screen; ina 
second test (light-to-sound test) S was asked to 
align the lateral position of a light with invisible 
sound; in a third test (light-to-light test) S was 
asked to place one light into vertical alignment with 
à second (one of the lights was above eye level, the 
other below). Two visual-proprioceptive tests were 
employed: In one (point-to-number test) S was 
asked to point to a number along the meter scale; 
in a second (point-to-light test) 5 was asked to point 
in the direction of a light. 

In all cases where a pointing response was used 
(point-to-sound, point-to-number, and point-to-light 
tests), the pointing was done underneath a shelf, thus 
precluding visual feedback to S. In all cases where 
lights were used as targets or indicators of response 
(light-to-sound, light-to-light, and point-to-light 
tests), the room was darkened and only the test 
lights were visible. Finally, all tests that involved 
viewing were conducted with targets both above and 
below eye level. 

Two types of predictions were made for the 
experiment. The first was that adaptation to the 
prismatic distortion would occur. The second was 
that this adaptation would be contingent on direc- 
tion of gaze, i.e., manifest itself more with S looking 
in the direction of the prismatic view than with 
looking in the direction of the undistorted view- 
The optical displacement induced by a prism is а 
shift of the visual field toward the apex of the prism- 
Therefore when naming or setting the visual locus 
of a sound (as in the name-the-sound and light-t” 
sound tests), its apparent position would be too fat 
in the direction of the prism base. An adaptiv® 
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change would be to indicate the visual locus of the 
sound as being nearer the apex after wearing the 
prisms than before. By analogous reasoning, an 
adaptive change in pointing at visual targets would 
be to point further toward the base after exposure 
than before. If this transferred to pointing at non- 
visual targets, a similar result would be expected for 
the point-to-sound test. If gaze-contingent adapta- 
tion occurred, the before-after difference would be 
greater when S looked in the prism direction than 
in the clear glass direction (except, of course, for 
pointing at sounds without vision). When bringing 
one light into vertical alignment with another (as in 
the light-to-light test), gaze-contingent adaptation 
would predict that the lights would be misaligned, 
with the light viewed in the prism direction further 
toward the base than the light viewed in the un- 
distorted direction. (No overall absolute shift would 
be expected since the light-to-light test is a relative 
and purely visual test. These predictions are 
presented more succinctly in Table 1. 

Test apparatus.—All tests were conducted оп the 
same apparatus, which was simply a device by which 
S could indicate proprioceptive direction by pointing 
and visual direction by noting position along a meter 
scale or by moving adjustable lights. In essence, the 
apparatus consisted of a horizontal shelf extending 
away from S to a vertical stand. The vertical stand 
was 43 cm. from S's head, which was supported by a 
chin rest and held in fixed position by a bite board 
molded in dental impression compound. The 
horizontal shelf, under which S pointed, was set 
12 cm. below chin level. The stand had a horizontal 
extent of 1 m. subtending a visual angle of 97°, which 
was beyond the limits of S's vision while wearing the 
spectacle frames. Mounted horizontally on the 
stand were two meter scales, one approximately 12° 
above eye level and the other approximately 18 
below eye level. These were used for the name-the- 
sound and point-to-number tests. Only one was 
exposed at a time. The stand itself was made of a 
rigid frame across which was stretched translucent 
cloth. Behind the stand and just above the meter 
Scales were tracks for moving a point light source for 
the tests involving positioning and alignment of 
lights. The positioning of the lights could be ad- 


justed by E or by 5. [n] 
In all these tests five standard target positions 
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were used. For tests in which a sound was the 
target, pulses of white noise were presented with the 
speaker in one of five positions, which were laterally 
—20°, —10°, 0°, 10°, and 20? from S's median plane. 
For tests in which a target light was used, the lamp 
was moved along its track to one of the same lateral 
positions and then was turned on. For tests in which 
a number on the meter scale was used as a target, 
those numbers which corresponded to the same 
lateral positions were designated as targets by Е. 

Procedure—A test session involved 20 trials on 
each of the coordination tasks. For tasks having 
visual targets, lights or numbers were above eye 
level for half of the trials and below eye level for the 
other half. Within a test session the trials were 
presented in a mixed order except that a complete 
sequence of single trials on each of the six tests with 
the visual targets above eye level was alternated 
with a complete sequence with the targets below eye 
level. Since in the point-to-sound test there was no 
visual target, half of the trials were presented along 
with other tests in which the visual targets were all 
above eye level (or all below eye level). For the 
light-to-light test, which involved direct comparison 
of visual direction above and below eye level, it is 
meaningless to distinguish between trials in which 
gaze was above and below eye level. In half of the 
trials S adjusted the upper light and in half of the 
trials, the lower light. When S adjusted the light 
above eye level, the results were arbitrarily included 
with the tests in which the viewing direction was 
above eye level and conversely in the case when he 
adjusted the light below eye level. 

The Ss were trained on the coordination tests for 
three complete sessions prior to putting on the 
spectacles. After putting on the spectacles they 
were tested after 8, 24, 32, 48, and 56 hr. from the 
time they initially donned the spectacles and then 
once daily for 11 additional days. Two of the eight 
Ss were given only the name-the-sound, point-to- 
sound, and point-to-number tests. The other six 
Ss carried out all the tests. 

All tests were carried out monocularly with the 
right eye with S wearing empty spectacle frames. 
Thus adaptation was measured as an aftereffect 
rather than as a direct effect with the spectacles on. 
A thread divided the upper and lower halves of the 
right eyepiece of the test spectacle frames, thus 


TABLE 1 


PREDICTIONS OF ADAPTATION ! 


MEASURED By THE VARIOUS TESTS 


Predicted evidence for gaze- 


Nature of test 


Predicted shift in 


direction of prism contingent adaptation 


Name of test 


Proprioceptive 

Visual 

Visual : А 
Visual-proprioceptive 
Visual-proprioceptive 
Visual 


Point to sound 
Light to sound 
ame the sound 
oint to number 
Point to light 
Light to light 


None predicted 


Base ) 

Арех Shift greater when looking 
Apex in a prism direction than 
Base when looking in direc- 
Base tion of clear glass 
Apex* Misalignment of the two 


lights 


Р а ar 
^ Light viewed in prism direction should be set further tow: 


d apex than light viewed in undistorted direction. 
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simulating the break in the visual field that occurred 
with S's own split-half spectacles. The S was 
instructed and monitored to ensure that he kept his 
eyes closed during the test session except when he 
was actually making a visual judgment. After 
finishing the coordination tests at each session S was 
tested for the other prismatic distortions, e.g. color 
fringes, curvature, etc. The total testing time was 
1 to 15 hr. during which S was not wearing his own 
spectacles. However, during that time his eyes were 
open only when actually making a visual judgment. 


Results 


The data were recorded in terms of the 
lateral locus of S’s pointing, positioning, 
and naming responses and were analyzed 
in terms of shifts from average preexposure 
values for each task. Plus values were 
assigned to adaptive changes in S’s re- 
sponses (cf. Table 1). 

The simplest summary of results is 
presented in Table 2, which gives the 
average adaptive shift over the last 7 days 
of exposure. From these data it can be 
seen that adaptive shifts occur for all tests 
except the proprioceptive test (point-to- 
sound). It also appears that the adaptive 
changes when viewing up (or down) in the 
direction of the prism are greater than when 
viewing in the direction of the clear glass. 
Indeed, the 95% confidence bounds include 
zero, or no shift, in four of the tests when 
looking in the direction of the clear glass 
but in only one of the tests when looking in 
the direction of the prismatic view. 

The visual tests, name-the-sound and 


TABLE 2 


MEAN ADAPTIVE CHANGES over Last 7 Days or 
EXPOSURE (IN DEGREES) ron Exp. I 


Viewing direction 
Test Nature 
Clear glass Prism 

Name the i 

sound Visual AS (2.10) 3.51 (+1.98) 
Light to ^ 

sound Visual 59 (+.87) 1.54 (+.85) 
Light to * 

light Visual :21 (4.15) 21 (4.18) 
Point to : А 

sound Proprioceptive 27 (22.27) —.10 (+1.92) 
Point to | Visual- 

number | proprioceptive ЗА (+1.36, 1.70 (+1.56, 
Point to Visual- е d { á 

light proprioceptive —.18 (+1.19) 1.33 (41.33) 


Note.—Figures in parentheses represent 95 
bounds. For each 5 an average adaptive change 
7 days of the exposure was calculated. The confi 
are based on the standard error calculated fron 
variability in these average changes. 


90 confidence 
over the final 
dence bounds 
m the inter-S 
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light-to-sound, both show the gaze-con- 
tingent adaptation, i.e., a significant adap- 
tation when looking in the direction of the 
prismatic view but not when looking in the 
direction of the clear glass. The light-to- 
light tests show about identical changes 
when either light was adjusted, as was 
expected. The fact that this test showed a 
significant change is per se evidence for a 
gaze-contingent adaptation. 

The combined visual and proprioceptive 
tests, point-to-number and point-to-light, 
also showed the gaze-contingent results. 

A more precise way of evaluating the 
Statistical significance of the gaze-con- 
tingent aspects of the results is to compare 
the adaptive changes when looking in the 
direction of the prismatic view with those 
occurring when looking in the direction of 
the clear glass. An analysis of variance 
including this variable, direction of view, 
and another variable, position of prism in 
the spectacles (i.e., whether the upper or 
lower half of the spectacles contained the 
prism), was carried out on the adaptive 
change scores across all the tests Over seven 
2-day blocks of trials. Two such analyses 
were done: one across the three tests which 
all eight Ss had taken (point-to-number, 
point-to-sound, and name-the-sound), a 
second across all six tests which six of the 
eight Ss had taken. Thus the analyses were 
2 (position of prism) x 7 (trials) X 2 (direc- 
tion of gaze) X 3 or 6 (tests) with the first 
variable being a between-S variable and the 
others within-S variables. Although these 
two analyses are not independent, attention 
will be focused on the places where they 
yield consistent results. 

In neither of these an 
effects of position of prism or of test signi- 
ficant. The effect of trials was significant 
in the 6-test analysis, F (6, 24) — 3.90, 
P < .01, but only marginally significant in 
the 3-test analysis, F (6, 36) = 2.02, 
Р < 10. In any case such an effect must 
be. interpreted in light of a significant 
Trials X Test interaction in the 6-test 
analysis, F (30, 120) = 2,92, р<.01. In 
both analyses direction of gaze was © 
significant variable, F (4, 4) = 30.45: 
P < 01; and F (1, 6) = 7,99, р < .05, fof 


alyses were the main 
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TABLE 3 
SUMMARY OF ANALYSES OF VARIANCE FOR ALL TESTS 


Test 
Variable 
Name tl Li i i i i 
"dE | жие E 5S ши 

Prism on top vs. bottom (A) «1 1.4 e 1.8 
Direction of view (glass vs. prism) (B) Tee 4.6* <1 <1 o $ Теве 
Trials (2-day blocks) (С) PSI «1 1.2 24* 2.1* 102*** 
AXB «1 6:7* «1 «1 6,5** 15.7** 
AXC «1 ml <1 1.4 «1 «1 
BXC «1 1.6 2.0* «1 1.80 1.52 
AXBXC 1.2 13% «1 1.2 е <i 


Note.—Entries are F values and significance values. 


the 6- and 3-test analyses, respectively. 
These must also be interpreted in light of a 
significant Direction of View X Test inter- 
action in the 6-test analysis, F (5, 20) 
= 421, р < .01, which did not reach 
significance in the 3-test analysis, F (2, 12) 
2.58, p < .25. There was a significant 
Direction of Gaze X Prism Position inter- 
action in the 6-test analysis, F (1, 4) 
— 20.95, p « .01, but this was not signifi- 
cant in the 3-test analysis. No other con- 
sistent significant two- or three-way inter- 
actions were obtained in these analyses. 
In order to assess the nature of the direction 
and Direction of Gaze X Test effects, 
separate analyses of variance were carried 
out for each test. These were done using 


the data for all eight Ss on the three tests 
and the data on the 
The results 


of gaze 


where it was available 
six Ss for the other three tests. 
of these analyses are summarized in Table 3. 

The hypothesis of gaze-contingent adap- 


tation is directly tested by the F test for 


direction of view. A significant / was ob- 
as predicted 


tained in all tests in which it w 

except the light-sound test where the 
probability level was less than .10. A 
difference was not predicted for the light- 
to-light test and point-to-sound tests. 

A significant Position of Prism (top- 
bottom) X Direction of View (prism or clear 
glass) interaction was found for the point- 
to-number and point-to-light tests. There 
Was less gaze-contingent adaptation with 
Ss who wore prisms on the top than on the 
bottom. This may reflect a tendency for 


Ss who have prisms on the top to avoid 
looking through them very much. 

There was a significant trials effect only 
for the point-to-light test. The adaptation 
as measured by this test was maximum on 
the second day and then decreased slowly 
over the remaining 12 days of the experi- 
ment. 

Since the gaze-contingent adaptation did 
not seem to vary over trials in this experi- 
ment, a second experiment was conducted 
to see whether a short exposure with rela- 
tively controlled experience could produce 
similar results. 


EXPERIMENT II 
Method 


Experiment II was a short-term replication of 
Exp. 1. Ten adult Ss wore split-field prism spec- 
taclesfor 4hr. Beforeand after wearing thespectacles 
they were tested on the entire series of coordination 
tests described above. During their exposure period 
they played three games designed to give them 
viewing experience with both the prism and clear 
glass fields and to necessitate changing viewing 
between the two. They threw darts at targets 
alternately above and below eye level. They played 
catch with E who alternately lobbed the ball so that 
it approached S from above eye level and rolled the 
ball along the ground. They sat and watched a 
target light move up and down a wall from approxi- 
mately 30° above eye level to 30° below eye level. 
All Ss participated in each of these activities for 
15 min. per hour for the 4 hr. of exposure. The other 
15 min. of each hour were free. 


Results 


The results are summarized in Table 4 
The mean changes were in the adaptive 
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TABLE 4 


MEAN ADAPTIVE CHANGES (IN DEGREES) 
For Exp. П 


Viewing direction® 


Test Nature 
Clear glass Prism 

Name the sound | Visual 76 (21.01) -89 (2-.82) 
Light to sound | Visual 1.00 tn 119 2i 
Light to light Visual | .35 (2.26) roy rd 
Point to sound | Proprioceptive | 2.54 (2-2.23) | 1.74 (+ .01) 

i ber | Visual- 
аш ргопгосвр е 1.99 (261.27) | 2.41 (+1.31) 
Point to light Visual- 


proprioceptive | 1.96 (1.67) | 3.89 (+1.69) 


—Fi in parentheses represent 95% confidence 
popu ов eee adaptive change was calculated 
for each test. The confidence bounds are based on the standard 
error calculated from the inter-S variability in these changes. 

а Differences between viewing through clear glass and prism 
are significant, t (9) = 2.73, p < .01. 


direction for all tests under both viewing 
directions. These changes were statistically 
significant when viewing in the prism 
direction for all the tests except the point- 
to-sound test. The changes were statis- 
tically significant when viewing in the 
direction of clear glass for all tests except 
the name-the-sound test. The difference 
between the shifts in viewing through the 
prism and through the clear glass was 
significant only in the case of the point-to- 
light test. However, it should be recalled 
that the light-to-light test is a relative test 
and the significant shift obtained again 
represents per se a differential change in 
looking from clear glass to prism. Thus 
significant gaze-contingent effects occurred 
for two tests, though the direction of 
differences was as predicted, i.e., greater 
when looking in prism direction, for all the 
tests for which predictions were made. 


GENERAL Discussion 

It can be asserted that gaze-contingent 
adaptation did occur, It was manifest both in 
the general Visual-proprioceptive tests of 
adaptation and for the purely visual tests of 


the visual-proprioceptive 


light test. In the case of the Visual tests in 
Exp. I direction of view Was a significant 
variable in the name-the- 
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test. In Exp. II, in both of these tests the 
shift was greater (but not significantly so) 
when viewing in the prism direction than in the 
direction of clear glass. More conclusively, in 
both Exp. I and II the light-to-light test 
showed a significant Change, supporting a 
gaze-contingent shift. 

As predicted, the proprioceptive test (point- 
to-sound) did not show a consistent gaze- 
contingent shift. In Exp. I there was no signi- 
ficant change. In Exp. II there was a signifi- 
cant change in this test when the viewing was 
in the direction of clear glass but not when in 
the prism direction. These two changes, how- 
ever, were not significantly different from each 
other. Furthermore, it will be recalled that 
this test involves no actual viewing, but rather 
the direction of viewing signifies that the tests 
were embedded in a Sequence of other tests 
involving viewing in one direction or another. 
The mere presence of à proprioceptive shift in 
Exp. II after 4 hr. of exposure may represent 
the kind of change found previously by Hay 
and Pick (1966b). In that study a transient 
proprioceptive shift occurred on the first and 
second days of exposure to full prisms but de- 
creased to pretest level by the third day. 

The possibility of a Proprioceptive shift can 
be looked at from another point of view. 
Harris (1965) has argued that viewing one's 
arm through a prism leads to a change in its 
felt position. In the present situation this is 
more likely to occur when the prisms are worn 
in the lower half of the prism spectacles then 
the upper half. Thus a significant effect of 
prism location (top vs, bottom) would be 
expected. Referring to Table 3, no such main 
effect was found, but there was a significant 
Interaction of this variable with direction of 
view in the point-to-number and point-to- 
sound tests. This interaction stemmed from a 
greater gaze-contingent effect when the prisms 
were on the bottom than when they were on 
the top and hence adds some support for the 
prediction based on Harris’ ideas, However, 
an alternative Possibility is that Ss who have 
prisms on the bottom of their spectacles get 
more experience with both parts of their 
spectacles. Since the present Ss were students, 
they would have to spend a great deal of their 
time looking down at their school work and 
would have a tendency to look in the undis- 
torted direction at other times. When these 
prisms were on the bottom, they would get 
experience looking in both directions. 

It is possible to be more definite about the 
nature of the visual shift. Hay and Pick 
(1966b) have suggested that a change of 


= ge: a -— 
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normal eye posture and its registration would 
account for the visual changes found when Ss 
wore full-prism spectacles. For example, in the 
case of the name-the-sound test, assume that 
after wearing the prisms S registers his eyes as 
pointing straight ahead when they are actually 
pointed slightly to the left. If a sound is 
presented straight ahead of S without prisms, 
as in the present test conditions, he will name 
à direction which is slightly to the left as the 
visual direction. The split-field prisms provide 
à unique test of this hypothesis of changed 
registration of eye posture. Kohler (1964) had 
Observed that after exposure to split prisms .Ss 
Shift their eyes laterally as they scan up and 
down. That is, Ss apparently learn to com- 
pensate for the lateral optical displacement of 
their split prisms occurring at eye level. In 
Order to see whether there was indeed such a 
lateral shift in the present study, eye-move- 
ment pictures were taken before and after 
prism exposure for five of the Ss who partici- 
pated in Exp. 1.2 These pictures were taken 
While S was scanning up and down a vertical 
line target and hence represent a more rigorous 
evaluation of a lateral shift than if there were 
по vertical target present. The eye-movement 
records indicate that as S would scan up the 
vertical line, his eyes would drift laterally and 
then make a corrective saccad when he reached 
the extreme. АП five of the Ss individually 
showed a statistically significant lateral shift in 
the predicted direction, and the mean shift of 
1.02? for a vertical excursion of 40° was signi- 
ficantly greater than zero, ¢ (4) = 2.32, 
P < .05. . 

The present photographic evidence docu- 
ments the fact that a change in positioning the 
eye (and presumably registration of its код 
tion) is accompanied by a change in visua 
localization as measured by a variety of 
Coordination tests. Thus even the so-called 
visual change found by the present authors in 
8 Series of experiments is quite probably due | 
а change in position registration or, Іп a Le 
Sense, proprioception. This result provides 
Support for Harris’ (1965) position that 
adaptation is best interpreted as a change in 
the felt Dosition of parts of the body. In the 
Present study, especially in Exp. II, the pro- 
prioceptive and visual changes do not summate 
{0 the changes found in the visual-propriocep- 
tive tasks, Indeed the various tests which are 
thought to measure the same functions do m 
gree very well in absolute magnitudes. This 


? The authors are indebted to David Warren а 
Photographing and analyzing the eye movements. 
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may be attributable to the relatively high 
variability both within and between Ss found 
in this study as compared with the previous 
studies (Hay & Pick, 19665). The high vari. 
ability may be due to individual differences in 
how much and under what conditions Ss look 
through the prism as Opposed to the clear glass 
portions of their spectacles, 

The temporal course of adaptation was not 
gradual. In all tests in Exp. I maximum 
adaptation was reached within 2 days of 
donning the spectacles. This result is reflected 
in the lack of statistical significance for the 
trials variable in Table 3. The point-to-light 
test was the only one which exhibited a clearly 
significant trials effect. Here, too, maximum 
adaptation was reached within 2 days but then 
decreased slightly over the remaining days of 
exposure. Similar temporal trends were shown 
for the point-to-number and point-to-sound 
tests for which the trials effect approached 
significance. The quick rise of adaptation is 
similar to the results of Kohler (1964). The 
present results differ from his in that they show 
an almost immediate conditional adaptation. 
This result is supported by significant condi- 
tional adaptation in Exp. II. Kohler reported 
conditional adaptation which developed very 
slowly, starting after 2 or 3 days and reaching 
completion after 2 or 3 wk. 

Finally, in the present study eye position 
changes are tied to direction of gaze and thus 
produce the gaze-contingent adaptation and 
aftereffects. It is interesting to note that the 
other prismatic distortions (of shape) for which 
gaze-contingent adaptation has been confirmed 
are most readily explained by modification of 
eye movement and registration (Hay & Pick, 
19662). Thus the present results add further 
support to the generalization of the present 
authors that gaze-contingent adaptation may 
occur where based on an already existing 
mechanism ; i.e., a mechanism which takes into 
account eye position or eye movement when 
interpreting visual direction or image move. 
ment. It has not yet been confirmed as 
occurring where a completely novel mechanism 
must be postulated, e.g., one which relates eye 
position or eye movement to phenomena not 
ordinarily associated with them such as in 
gaze-contingent color aftereffects, 


REFERENCES 


Adaptation of humans to 
Psychonomic Science, 


HARRINGTON, Т. L. 
colored split-field glasses. 
1965, 3, 71-72. 


132 H. L. PICK, Jr, J. C. HAY, AND R. MARTIN 


Harris, C. S. Perceptual adaptation to inverted, 
reversed, and displaced vision. Psychological 
Review, 1965, 72, 419—114. 

Hay, J. C, & Pick, Н. L., JR. Gaze-contingent 
adaptation and prism orientation. Journal of 
Experimental Psychology, 1966, 72, 610-618. (a) 

Hay, J. C., & Pick, H. L., Jk. Visual and proprio- 
ceptive adaptation to prismatic displacement. 
Journal of Experimental Psychology, 1966, 71, 
150-158. (b) 


Kouter, I. The formation and transformation of 
the perceptual world. Psychological Issues, 1964, 
3, Monograph No. 12. 

McCurLoucH, C. The conditioning of color per- 
ception. American Journal of Psychology, 1965, 
78, 362-378. 

Pick, Н. L., JR, & Hay, J. C. Gaze-contingent 
adaptation to prismatic spectacles. American 
Journal of Psychology, 1966, 79, 443-450. 


(Received June 6, 1968) 


Journal of Experimental Psychology 
1969, Vol. 80, No. 1, 133-138 


ROLE OF THE INSTRUMENTAL RESPONSE IN THE 
PARTIAL RESINFORCEMENT EFFECT! 


R. K. BANKS? 


University of Waterloo 


Three experiments examined the effect of partial reinforcement of a climbing 
response on subsequent resistance to extinction of a running response in rats. 
Under these conditions the traditional partial reinforcement effect was pro- 
duced or erased as a function of the number of reinforced running responses. 
The results were discussed in terms of implications for frustration theory. 


Ross (1964), as part of a larger experi- 
ment, trained two groups of rats to climb 
for reinforcement. One was continuously 
reinforced (CRF); the other received 
partial reinforcement (PRF). When train- 
ing was complete, both groups were removed 
to a runway situation, received CRF under 
changed reward conditions, and then under- 
went extinction. Under these conditions 
Ross found that the CRF group showed 
greater resistance to extinction of the run- 
ning response than the PRF group, a 
reversal of the traditional positive partial 
reinforcement effect (PRE). 

Ross (1964) interpreted his results as 
evidence for the importance of the parti- 
cular instrumental response trained under 
PRF. Following Amsel’s (1958, 1962) 
conditioning model approach, he assumed 
that for PRF Ss the experience of non- 
reward during climbing resulted in a classic- 
ally conditioned anticipatory frustration 
response (rr) and its proprioceptive stimu- 
lation (sp) being elicited by stimuli ante- 
dating the goal. Ross argued that sr initi- 
ally elicited avoidance tendencies. How- 
ever as climbing continued to occur and be 
reinforced in the presence of sr, an associ- 
ation formed between sr and the climbing 
response such that sr came to elicit climb- 
ing behavior. Thus when sr Was en- 

.COuntered during the extinction of the 
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running response, climbing rather than 
running tendencies were elicited in PRF Ss. 
Since the situation was structured so that 
climbing interfered with approach to the 
goal, PRF Ss did not persist in approaching 
the goal and the traditional PRE was not 
observed. As independent evidence, Ross 
reported that PRF Ss climbed on 33 
occasions while CRF Ss made no climbing 
responses. 

As Amsel (1967) has pointed out, the 
Ross (1964) experiment indicates that a 
critical factor in determining the PRE is the 
kind of response trained under PRF. Ifthe 
PRF response is identical to, or highly 
compatible with, the response tested in 
extinction, the usual persistence effect would 
be expected. On the other hand, if the 
PRF response is incompatible or interfering 
with the response tested in extinction, the 
PRE may be erased or even reversed. The 
present experiments were prompted by a 
preliminary study extending Ross’ work, 
which indicated that under certain condi- 
tions PRF training of a climbing response 
can increase resistance to extinction of a 
running response. Following a repetition 
of the Ross experiment, which replicated 
his result to the extent of erasing the PRE, 
all Ss received further CRF training in a 
different runway in the presence of cues 
similar to those present during PRF train- 
ing. When a second extinction session was 
carried out, the traditional or positive PRE 
was observed. This finding suggests that 
while the particular response trained under 
PRF may be a critical factor in determining 
resistance to extinction, other factors, 
perhaps unrelated to the instrumental re- 
sponse, may also be important. р 


133 


134 


Experiment I was carried out to deter- 
mine the reliability of the results of the 
preliminary study. The general design can 
be summarized as follows: In Phase 1 two 
groups of rats (PRF and CRF) were 
trained to climb for food reward. In the 
second phase all Ss were water-deprived and 
received CRF for running in one of two 
runways. All Ss then received a constant 
number of extinction trials in that runway. 
To this point the experiment paralleled the 
Ross (1964) experiment. In the final phase 
of the experiment both groups were re- 
turned to food deprivation and received 
CRF training for running in the alternate 
runway (an alternate runway was used to 
minimize transfer from the first extinction). 
A second extinction procedure was then 
carried out. 


EXPERIMENT І 
Method 


Subjects —The Ss were 28 male albino rats ranging 
from 180 to 200 gm. in weight at the beginning of the 
experiment. 

Apparatus ——Three pieces of apparatus were 
employed. Apparatus C, used for climbing training, 
consisted of a vertical grid of brass rods 18 in. high 
and 9 in. wide. A flat cardboard ledge (1} in. in 
diameter) placed in a horizontal position at the top 
of the grid was used as a food cup. An unpainted 
wooden box (9X4 X4) was placed horizontally at the 
base of the grid and served as a starting platform. 

Apparatus WR was a white runway similar to that 
employed by Ross (1964). It was 5 ft. in length, 
5 in. wide, and 30 in. high. The walls of the middle 
3 ft. were covered with hardware cloth. Apparatus 
BR was a black runway identical to WR in length 
and width but with walls 5 in. high. Both runways 
were open at the top and neither had start or goal 
doors. A tin cup 3 in. in diameter and 1 in. deep was 
was used to administer water reward and a card- 
board cup 2 in. in diameter and $ in. deep was used 
to administer food reward. 


Phase 1.—Following 24-hr. food deprivation Ss 
were given six placements of 1 min. each in Appara- 
tus C and Were allowed to climb to the baited food 
cup. If climbing had not occurred within 45 sec., S 
was gently placed on the bars in front of the cup and 
given access to food for 15 sec. This procedure was 
repeated for 3 days. Training sessions consisted of 
12 trials per day. Three -045-gm. Noyes pellets 
served as reinforcement on each trial. Four sessions 
(48 trials) of CRF were carried out for all Ss followed 
by seven sessions (84 trials) of treatment. The S. 
in the PRF group received 50% reinforceme " 
randomly determined for each Session, while CRF 
Ss continued on 100% reward. At the midpoint and 
end of each session PRF Ss were placed in their home 
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cage and given the pellets they had missed on non- 
reward trials. Total response time was recorded 
with a stopwatch from the time S was placed on the 
starting platform until his nose reached the food cup. 
During Phase 1 Ss were housed and run ina brightly 
lit room and were maintained on a l4-gm. diet 
Throughout the experiment a minimum intertrial 
interval of 25 min. was maintained. 

Phase 2.—When treatment was complete, Ss re- 
ceived food and water in their cage for 3 hr. Water 
was then removed and Ss were caged in a dimly lit 
(15-w. bulb) room where food continued ad lib but 
water was removed. Following 14-hr. water de- 
privation, runway training was begun with seven Ss 
from each group randomly assigned to Apparatus 
WR and seven to Apparatus BR. Twenty-four 
CRF trials were administered with 10-sec. free 
access to water as reinforcement on each trial. Six 
trials were run on the first day, 12 on the second, and 
6 on the third. Extinction began on the third day 
with 6 trials. Twelve extinction trials were run on 
each of the following 2 days. Throughout Phase 2 
Ss received 2-hr. free access to water at the end of 
each daily session. 

Phase 3.—Following the last extinction session, 
Ss were returned to the deprivation and illumination 
conditions of Phase 1. Runway training began 
following 14-hr. food deprivation and Ss who had 
previously run in Apparatus WR were now trained 
in Apparatus BR and Ss who were previously run in 
BR were trained in WR. Training was carried out 
under the illumination and reward conditions of 
Phase 1. Twenty-four CRF trials were adminis- 
tered: 6 on the first day, 12 on the second, and 6 on 
the third. Extinction began on Day 3 and consisted 
of 6 trials on that day followed by 12 on the next. 
If 5 failed to reach the food cup within 60 sec. on any 
trial his response time was recorded as 60 sec. and 


he = removed from the apparatus to await his next 
trial. 


Results 


The results are summarized in Fig. 1 
which shows the mean response time for 
PRF and CRF groups over the three phases 
of the experiment. During Phase 1 the 
response time of the PRF group tended to 
be slightly longer than that of the CRF 
group but the difference did not approach 
significance. By the end of runway training 
in Phase 2 the PRF group was slightly, but 
again not significantly, faster than the CRF 
group. During extinction both groups 
behaved similarly over the first 6 trials but 
as extinction continued there was a tend- 
ency for the РКЕ group to respond more 
slowly than the CRF group. The mea? 
response time over 30 extinction trials wa$ 
19.5 sec. for PRF Ss and 16.7 sec. for CRF 
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Fic. 1. Mean response times of PRF and CRF groups 
throughout three phases of experiment. 


Ss. 'The data were analyzed through a 
within- and between-S analysis of variance 
with Trials (in blocks of 6), Groups (PRF 
vs. CRF), and Apparatus (WR vs. BR) 
as factors. The only significant effect was 
that of trials, F (4, 96) = 23.3, р < .001. 

During retraining in Phase 3 the groups 
Showed similar and fairly rapid acquisition. 
In extinction PRF Ss showed greater 
Dersistence, responding in a mean of 8.9 
Sec. compared to 16.1 sec. for CRF Ss. 

ariance analysis indicated a significant 
difference between the groups, F (1, 24) 
= 7.66, p < .02; a significant trials effect, 
F (2, 48) = 39.33, р < .001; and a signi- 
ficant Groups X Trials interaction, F (2, 
48) = 5.52, p < .01. 

Group differences 
tended to mirror those obser 
ning, During the first extincti : 
à slight tendency for PRF Ss to climb on 
More trials than CRF Ss (mean of 2.0 vs. 
1.3) but the difference did not approach 
Significance. In Phase 3 extinction, how- 
ever, CRF Ss climbed on a mean of 1.2 
trials compared to .5 for РКЕ 55, Mann- 

itney U (14, 14) = 45, p < .02. 


in climbing behavior 
bserved for run- 
on there was 


Discussion | 
The data from the first extinction тарка 

the Ross (1964) result to the extent that | 

training of a climbing response failed to 


produce a positive PRE for running. This is 
consistent with predictions from  Amsel's 
(1967) model emphasizing the importance of 
the particular response trained under PRF. 
However the occurrence of a positive PRE for 
running in Phase 3, together with fewer climb- 
ing responses by PRF Ss, appears at variance 
with this model. 

An interpretation of both results, consistent 
with Amsel's (1967) theory, is suggested by the 
concept of a generalized PRE (Brown & Logan, 
1965; Rashotte, 1968). Itcould be argued that 
in Phase 3 the similarity of the running situ- 
ation to the PRF situation (same illumination, 
deprivation, and reward conditions) produced 
a generalized frustration response in PRF Ss 
so that rr-sr was present during CRF training. 
Thus PRF Ss were reinforced for running in 
the presence of sr and so formed an association 
between sp and the running response. When 
sp was encountered during extinction, running, 
rather than climbing, tendencies were elicited 
for these Ss and the PRE was observed, 

Experiment II was designed to explore this 
possibility by determining whether similarity 
of illumination, deprivation, and reward condi- 
tions between the PRF situation and the run- 
way situation is sufficient to produce a PRE for 
running following PRF training of a climbing 
response. 


EXPERIMENT II 


Experiment П was run in the same 
manner as Exp. I except that illumination, 
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deprivation, and reward conditions for 
Phase 2 were identical to those of Phase 1. 
Phase 3 was omitted from Exp. II. 


Method 


Sixteen Ss were employed. The climbing and 
runway units were the same as those described in 
Exp. I. The procedure differed only in that runway 
training in Phase 2 was carried out under conditions 
of bright illumination, under food deprivation to 
food reward. 


Results 


Phase 1 data were similar to those of the 
first experiment except that the slight 
superiority of CRF Ss was not observed. 
By the end of runway training in Phase 2 
PRF Ss were responding in a mean of 
3.7 sec. compared to 2.7 for CRF Ss. The 
difference does not approach significance 
and reflects the slow performance of one 
PRF S. Withholding this S from the 
acquisition data yields a mean of 2.6 sec. 
for PRF Ss. 

During extinction the mean response 
time of the PRF group was 16.7 sec. com- 
pared (о 18.5 for CRF Ss. The difference 
does not approach significance and is 
increased by only 1 sec. when the deviant 
PRF S is withheld from computation. As 
in the first experiment the apparatus effect 
also failed to approach significance. The 
trials effect was significant, F (4, 48) 
— 15.76, p « .001, and the Groups X Trials 
interaction was also significant, F (4,48) 
= 3.35, р < .025. The extinction curves 
presented in Fig. 2 indicate that the groups 
performed similarly over the first 12 trials. 
During the third trial block, however, PRF 
Ss showed a tendency to recover response 
strength, while CRF .Ss continued to 
respond more slowly. At the end of the 
fifth block CRF Ss showed a similar 
tendency to recover while PRF Ss dropped 
in response Strength from the previous 
block. Group differences were not signifi- 
cant at either trial block. During extinc- 
tion PRF Ss climbed on a mean of 1.8 trials 
compared to .8 for CRF Ss, U (8,8) — 16, 
P = .10. Seven РВЕ Ss climbed, compared 
to only two 5s in the CRF group, p = .05 
(Fisher exact probability test, two-tailed). 
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Fic. 2. Mean response times of PRF 
and CRF groups during extinction. 


Discussion 


While an effect of PRF training was ob- 
served in the Groups X Trials interaction, the 
effect did not represent any clear superiority 
ofthe PRF group. Rather it seemed to reflect 
a similar recovery of response strength occur- 
ring earlier for the PRF than the CRF group. 

Since the degree of similarity between run- 
ning and climbing situations was the same as 
in Phase 3 of the first experiment, both studies 
provided equal opportunities for the generali- 
zation of sp to the runway situation and thus 
equal opportunity for an association between 
sr and the running response. The failure to 
observe a PRE in Exp. II therefore argues 
against the generalized PRE (GPRE) inter- 
pretation of the effect in Exp: I. 

Further opposition to a GPRE account of the 
data stems from the climbing behavior ob- 
served in both experiments. If frustration 
generalized from the PRF situation to the 
runway situation, sp would be expected to have 
elicited climbing behavior in PRF Ss during 
runway training. In Phase 3 of Exp. I, how- 
ever, neither PRF nor CRF Ss made climbing 
responses during training and in Exp. II climb- 
ing was observed in one S of each grouP- 
Furthermore, if climbing tendencies (resting 
the front paws on the wall of the runway) at 
examined, PRF Ss again failed to show * 
greater frequency of climbing, In the first 
experiment the mean number of trials on whic? 
climbing tendencies occurred for PRF Ss v2? 
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1.0 compared to 1.1 for CRF Ss and in Exp. II 
the mean for PRF Ss was .9 compared to 2.0 
for CRF Ss. 


EXPERIMENT III 


Although the degree of similarity to the 
PRF situation is the most obvious differ- 
ence between Phases 2 and 3 of the first 
experiment, a second major difference 
existed. Prior to extinction in Phase 2, Ss 
had received 24 reinforced runway trials. 
With the onset of extinction in Phase 3,48 
reinforced trials had been administered and 
response time had decreased to less than 
2 sec. compared to slightly more than 3 sec. 
in Phase 2. Experiment III was carried out 
to determine whether increased runway 
training, coupled with similarity of running 
and climbing situations, was sufficient to 
produce the PRE. The experiment was 
identical to Exp. II except that 2 additional 
days of runway training (an extra 24 trials) 
Were administered prior to extinction. 
Thirty-two Ss were employed. 


Results 


Throughout runway training in Phase 2. 
PRF and CRF groups responded similarly 
and reached a mean of 2.5 sec. by the end 
of training. During extinction the response 
time of PRF Ss was 9.9 sec. compared to 
16.8 for CRF Ss. The groups effect was 
Significant, F (1, 28) = 12.40, p < 005, аз 
Was the trials effect, F (4, 112) = 20.69, 
b < .001, but the Groups X Trials inter- 
action did not reach significance. Examin- 
ation of Fig. 3 shows that the greater 
Presistence of the PRF group was p 
carly in extinction and remained — 
Constant throughout. As in the le ier 
experiments the climbing data tende P 
Mirror the running data with PRF Ss 
climbing on .9 of the extinction trials com- 
Pared to 1.8 for CRF Ss, but the difference 
Was not significant. 


Discussion Е 1 
Experiment III indicates that pecu 
ВЕ training of a running response 15 > fellow 
to produce a positive PRE for running 0 eri- 
Ing PRE ofa climbing response. The "cd 
Ment also indicates, as an incidental st ed 
tion, that the interpolated extinction proces 


137 


j 
404 
Ф 
[=] 
E 0—0 PRF 
[s 
Б 304 @—@® cnr 
z 
ш 
> 
Е 
ш 204 
[7] 
z 
p 
E 
10 
E ү! 
a 
= 
DE T^ T T T T" 
END OF BLOCKS OF SIX EXTINCTION 


TRAINING TRIALS 


Fic. 3. Mean response times of PRF 
and CRF groups during extinction. 


of Exp. I was not necessary for the PRE 
observed in that study. 

The occurrence of the PRE in both Exp. I 
and III is inconsistent with a straightforward 
application of Amsel's (1967) instrumental 
response model. If the failure to observe a 
positive PRE in the Ross (1964) study is 
attributed to incompatibility of CRF and PRF 
responses, it is difficult to see how the same 
logic can be applied to the positive PRE ob- 
served in the present research. At the same 
time a number of aspects of the data are con- 
sistent with Amsel'’s model. The absence of 
the PRE during extinction in Exp. II and 
Phase 2 of the first experiment, together with 
the greater frequency of climbing by PRF Ss 
during these extinction periods, represents the 
strongest support for Amsel's position. The 
greater difference in climbing behavior between 
PRF and CRF groups in Exp. IT than in Exp. I 
also conforms to Amsel’s model. In Exp. I 
rr-sr was derived from withholding food dur- 
ing PRF but from withholding water during 
extinction, while in Exp. II гр-ѕр was derived 
from withholding food during both РВЕ and 
extinction. Thus, in terms of similarity of 
eliciting stimuli, responses acquired to sp 
during PRF would be more likely to be elicited 
during extinction in Exp. II than in Exp. T. 
Finally the importance of increased CRF train- 
ing to the occurrence of the PRE is not al- 
together inconsistent with Amsel's model, 
One effect of increased CRF training would be 
to strengthen and thus increase the dominance 
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of the running response. Thus if climbing 
tendencies were elicited for PRF .s during 
extinction, the running response would be 
expected to be less susceptible to such inter- 
fering tendencies and increased persistence of 
running would be expected in these Ss. 

The single result in direct conflict with 
Amsel's model is the occurrence of the positive 
PRE for running following PRF for climbing. 
A satisfactory account of this result seems to 
require a mechanism in addition to that pro- 
vided by the association between sr and the 
PRF response. Such a mechanism can be 
derived from an extension of Amsel's model 
and may represent at least a partial answer. 
Following the classical conditioning implica- 
tions of Amsel's theory it can be argued that 
during PRF training, since the occurrence of 
sp is frequently followed by reward, classical 
conditioning occurs between sp and rg such 
that sr comes to elicit rg. If this is the case sp 
should become less aversive for PRF Ss and 
thus should be less able to interfere with their 
performance in extinction, regardless of the 
particular instrumental response trained under 
PRF. 

While the present research has indicated 
sufficient conditions for the occurrence of a 
PRE for running following PRF of a climbing 
response, at least two questions remain con- 
cerning necessary conditions. Must the stimu- 
lus conditions be similar between the PRF and 
extinction situations and is it necessary that 
the extended CRF training be administered 


after, rather than before, PRF training? 
Answers to both questions should be obtained 
before any firm theoretical suggestions are 
advanced and would, incidently, provide a 
further evaluation of a GPRE interpretation 
of the present results. 
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APPARENT FREQUENCY AS A FUNCTION OF 
FREQUENCY AND THE SPACING OF 
REPETITIONS! 


DOUGLAS L. HINTZMAN? 


University of Texas, Austin 


In three experiments, Ss were presented with words in a long series in which 
some words were repeated. Following presentation, Ss were tested on their 
ability to remember frequencies of occurrence. Two types of test were used: a 
paired-comparison test in which the more frequent of two alternatives was 
chosen and an absolute judgment test in which Ss gave numerical frequency 
judgments. In Exp. I, words were repeated 0, 1, 2, 4, 6, and 10 times. Ap- 
parent frequency was a logarithmic function of actual frequency. In Exp. II 
and III, the spacing or number of items intervening between two repetitions 


was varied (0, 1, 2, 4, 8, and 16 items). T 
spacing. A slight primacy effect was found in all three studies. 


Apparent frequency increased with 
Results 


were consistent with a two-stage consolidation theory of memory. 


A number of investigators (e.g., Peterson, 
1966) have proposed that the memory trace 
of an event passes through two stages—the 
first a temporary, rapidly decaying short- 
term state and the second a more per- 
manent long-term state. The short-term 
trace strength depends on the recency of 
the event rather than its frequency of occur- 
rence and is reflected in the rapid forgetting 
Characteristic of the initial portion of the 
Classical retention curve. Strength of the 
long-term trace depends on the degree of 
consolidation that has taken place during 
the short-term phase. Thus the long-term 
State depends primarily on the frequency of 
Occurrence of the event and is reflected in 
the asymptote of the retention curve. 
Another variable which affects long-term 
trace strength is the spacing of repetitions 
ОЁ the event; widely spaced repetitions 


allow for more consolidation than do closely 
Spaced repetitions and thus result in better 
This "spacing 


Tetention on delayed tests. 3 1 
effect" has been demonstrated in studies 
involving paired-associate recall accuracy 
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(e.g., Peterson, 1966), paired-associate la- 
tency (Rumelhart, 1967), recognition accu- 
racy (Kintsch, 1966), recognition latency 
(Hintzman, 1969), and free recall (e.g., 
Melton & Shulman, 1967). 

Several recent studies have investigated 
the ability of Ss to judge the recencies of 
events (Brelsford, Freund, & Rundus, 
1967; Hinrichs & Buschke, 1968; Peterson, 
1967; Yntema & Trask, 1963). One outcome 
of this research has been the finding that 
recency judgments are independent of fre- 
quency—i.e., the judgment of recency of an 
event appears to depend only on the recency 
of its last occurrence and not on the 
number of times it has occurred (Peterson, 
1967). A possible interpretation of this 
finding is that Ss are able to gain access to 
the short- and long-term states indepen- 
dently and that since strength of the short- 
term trace is highly correlated with recency, 
they base their recency judgments on 
strength of this trace alone. 

If this independent-access interpretation 
is correct, then it seems reasonable to sup- 
pose that given an appropriate task, Ss 
should also be able to interrogate the long- 
term trace independently of the short-term 
trace. A task which could be expected to 
meet this requirement is that of judging 
the frequency with which an event has 
occurred. If Ss base such judgments on 
strength of the long-term trace, then judg- 
ment of frequency should be affected by 
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the number of repetitions and by the 
spacing of repetitions, but should be largely 
independent of recency. 

There are other theoretical reasons for 
studying frequency judgments. In verbal 
learning theory, the ability to discriminate 
among items on the basis of their fre- 
quencies of occurrence has been proposed 
as a mechanism by which Ss minimize 
interlist interference (cf. Winograd, 1968). 
And it has been suggested that this ability 
is the basic mechanism underlying verbal 
discrimination learning (Ekstrand, Wallace, 
& Underwood, 1966). Some studies of fre- 
quency discrimination and judgment have 
been done (Buschke & Lim, 1967; Erlick, 
1961, 1962, 1963a, 1963b, 1964; Hornseth 
& Grant, 1954), but these have typically 
involved only a small number of different 
nonverbal events and so are difficult to 
relate to verbal learning studies. 

The present paper reports three experi- 
ments investigating the ability of Ss to 
discriminate and judge the frequency of 
occurrence of words in a long series. The 
materials and procedures were similar to 
those used in studies of free recall and 
recognition memory. The test was ad- 
ministered after presentation of all the 
words; Ss were not told beforehand that 
they would be asked to estimate frequency. 
Experiment I investigated the effects of 
actual frequency on performance in two 
tasks: paired-comparison frequency dis- 
crimination and absolute judgment of fre- 
quency. Experiments II and III were 
concerned with the effects of the spacing of 
repetitions on the same two tasks. Some 
evidence regarding the effects of recency is 
also presented. 


EXPERIMENT І 
Method 


Materials—A total of 60 three-letter nouns of 
high (20+ per million) Thorndike-Lorge (1944) 
count were selected as experimental items. Ten 
words were randomly assigned to each of six different 
frequency conditions: to appear 0, 1, 2, 4, 6, and 10 
times. The appropriate number of slides of each 
word was constructed by typing the word on plain 
white paper and mounting in Easymount slide 
frames. In addition, 90 slides of filler items, also 
three-letter nouns, were constructed. The 320 slides 
were arranged in a continuous series in four Kodak 
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Carousel slide trays. The first 20 and last 15 slides 
in the series were of filler words. The remaining 285 
slides were arranged in 10 partially overlapping 
blocks. In each block, five experimental words ap- 
peared (1, 2, 4, 6, and 10 times) with either 3 or 4 
slides occurring between repetitions of a given word. 
Filler words were inserted wherever needed to main- 
tain these lags and to prevent experimental words 
from consistently appearing in the same order. 

Ten different paired-comparison test sheets were 
used. On each sheet were typed 30 pairs of words, 
representing all pairwise permutations of the six 
frequency conditions. Each word was used only 
once on a test sheet paired with another word of a 
different frequency from within the same block of 
items and thus of roughly the same recency. Words 
of zero frequency were assigned to blocks and treated 
accordingly in making up the test sheets, even 
though they had never appeared in the series of 
slides. Thus on each test sheet three comparisons 
were made from within each block. Comparisons 
were rotated among words over the 10 different 
sheets so that a given word was compared twice with 
each of the other five words from the same block, 
occurring once as the right and once as the left 
member of the pair. The orders in which pairs 
appeared on the test sheets were determined by a 
table of random numbers. 

A second type of test sheet, for absolute judgments 
of frequency, was made up by typing the 60 experi- 
mental words on the page in two colum ns, inrandom 
order. A blank line for S's numerical frequency 
judgment appeared after each word. The same test 
form was used for all Ss. 

Subjects —The Ss were students in introductory 

psychology at the University of Texas, serving as 
part of a course requirement; 162 were run in five 
groups of 27-36 each. The data of 4 Ss were dropped 
in the discrimination task because of failure to follow 
instructions; in the judgment task, data from all 
162 Ss were analyzed. 
Procedurc.—The Ss were not told that they would 
be asked to judge frequencies of occurrence, but only 
that they should try to remember the words for a 
later test. They were warned that words would be 
repeated in the series and told to study each word 
carefully for as long as it remained on the screen. 
Because of the length of the series of slides, instruc- 
tions emphasized that Ss should pay attention at 
all times. 

The lights were dimmed and the slides were pre- 
sented by a Carousel projector paced by a timer at 
а 3-ѕес. rate. There were three delays of about 5 sec. 
for tray changes. After all 320 slides had been 
presented, the paired-comparison test sheets were 
distributed, and Ss were told to circle the member of 
each pair that they thought had occurred more often. 
"They were told to circle one member of every pair, 
even if it was necessary to guess. Approximately 
equal members of Ss filled out each of the 10 
test forms. 

Following the paired-comparison test, Ss were 
handed the frequency judgment sheets and told to 
write in the blank after each word their estimate of 
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the number of times the word had occurred during 
the series of slides. They were told that if they 
thought a word had not occurred at all, the word 
should be given a judgment of zero. They were 
reminded that only 320 slides had been shown in all 
and urged not to make unreasonable judgments. 


Results 


Discrimination.—The paired-comparison 
data are presented in Table 1, which shows 
the proportion of times items of each fre- 
quency were chosen as more frequent in 
each of the 15 comparisons. The data are 
collapsed over blocks and left-right posi- 
tions. The entries in Table 1 were used to 
Scale discriminability of frequency (Б). 
The technique used was a least squares 
method that estimates scale distances in 
normal deviate (z) units, assuming equal 
Variances for the distributions (Torgerson, 
1958, p. 172). Setting the arbitrary origin 
of the z scale at F=0, obtained z values for 
F=0, 1, 2, 4, 6, and 10 were .00, .729, 


1.105, 1.432, 1.742, 2.144. Goodness of fit 


of the scaling model to the proportions of 
Table 1 was evaluated using a technique 
developed by Mosteller (Torgerson, 1958, 
P. 186); chi-square was marginally pie 
cant, x? (10) = 19.16, .05 > p > 02. . 
The scaled z values were plotted against 
F on semilog paper in order to determine 
the nature of the relationship. It was 
found that the semilog plot is nearly linear, 
but only if a constant (.7) is added to each 
value. This is shown by the open circles 
of Fig. 1. Of course, not adding a constant 
Would dictate that F — 0 be perfectly dis- 


Criminable from the other frequencies, 
which was not the case. In Fig. 2, the value 
TABLE 1 

F Ев IN THE 
Prorortion JupGMENTs Fa > Pn 
DISCRIMINATION TASK OF XP. I 
= 5 ————= 
Fy 
0 1 | 2 4 6 10 
4 | .981 
0 | — | .797 | .896 | .930 | -23 
1 | .203 | — | .665 | .778 -880 2 
2 | 104 | .335 | — | .639 131 $59 
4 | ‘070 | .222 | .361 | — | -6 a 
6 | .066 | .120 | .263 | -345 oan 
10 | .019 | .092 | .111 | .250 | -33 


Note.—316 observations per data point. 
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Fic. 1. Semilog plots of normal deviate (в) values 
from paired-comparison data, and median frequency 
judgments for F —0, 1, 2, 4, 6, and 10 (Exp. I). 


above the diagonal of Table 1 were plotted 
against the difference between the log 
(Е + .7) values for the two word frequencies 
involved. All the data points fall near a 
smooth curve which corresponds to the 
upper limb of an ogive discrimination 
function. 

A second analysis was done on the dis- 
crimination data to determine the effect of 
the position of the words in the series of 
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Fic. 2. Probability of judging the frequency of A 
greater than the frequency of B as a function of the 
difference between the two log (Е +.7) values 


(Exp. I). 
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slides. Combining all comparisons within 
a block, the proportion of choices of the 
more frequent word was determined for 
each of the 10 blocks. The proportions are 
given in the second column of Table 2. 
There was no indication of a tendency for 
this value to change over blocks, x? 
(9) 212.48, p > .10. 

Judgments.—Responses on the absolute 
judgment task were tested for linear trend 
over frequency values, F (1, 161) = 534.3, 
and over blocks, F (1, 161) — 34.4; both 
were significant, p < .001. The Ss tended 
to overestimate low frequencies and to 
underestimate high frequencies, much as is 
true of recency judgments (Hinrichs & 
Buschke, 1968). As the filled circles of 
Fig. 1 show, median judgments increased 
linearly with log (F + .7). 

Median frequency judgment is presented 
as a function of block number in the third 
column of Table 2. Judgments tended to 
be slightly higher for words that occurred 
early in the series than for those that 
occurred late. Thus, assuming that judg- 
ments reflect memory strength, the signifi- 
cant decrease over blocks would indicate a 
primacy rather than a recency effect. This 
finding could be attributed to a gradual 
waning of attention during presentation of 
the slides (an interpretation consistent with 
reports volunteered by some .Ss), although 
the discrimination data of Column 2 do not 
show the corresponding drop that might be 
expected from such an explanation. 


TABLE 2 


AVERAGE PERFORMANCE IN DISCRIMINATION 
AND JUDGMENT Tasks By BLocks, 


Exp. I 
лт 
1 .821 3.98 
2 .844 3.84 
3 .800 4.16 
4 -783 4.13 
5 .800 3.35 
6 .825 3.45 
7 822 3.37 
8 -840 3.55 
9 .806 347 
10 -789 3.53 


в 474 observations per data point. 
b 810 observations per data point. 
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EXPERIMENT II 


This experiment had two purposes. The 
first was to study the effect of the spacing 
of repetitions on frequency discrimination 
performance. This was done by forcing Ss 
to choose one member of a test pair as more 
frequent when in fact both words had 
occurred equally often, but differed in 
spacing. The second purpose was to study 
the extremes of the recency dimension by 
having Ss choose between words of equal 
frequency but from different positions in 
the presentation series. 


Method 


Materials.—As in Exp. I, there were 320 slides, 
arranged in four slide trays. Three categories of 
words were used: spacing words (arranged in eight 
different blocks, two blocks per tray), recency 
words, and filler words. The function of these three 
item categories will be explained separately. 

A total of 96 words of the same description as the 
experimental words of Exp. I were randomly as- 
signed to the eight blocks of spacing items, 12 per 
block. Six of the 12 words in each block were 
designated variable (V) words and 6 were designated 
standard (S) words. Of the V words, 1 received only 
a single presentation. The other 5 occurred twice 
each, varying in their spacing or the number of slides 
occurring between the two repetitions. Spacings of 
V items were 0, 1, 2, 8, and 16. The 6 S words each 
occurred twice, always at a spacing of 4. Spacing 
items were arranged within each block so that words 
would not occur in the same order on the first and 
second presentations. The blocks of spacing items 
were embedded in the four slide trays so that these 
words never occurred within five positions of the 
beginning or two positions of the end of a tray. 

Recency words (low T-L frequency three-letter 
nouns) were used to further explore the relatively 
weak primacy effect found in Exp. I. All recency 
words occurred once each. Eight occurred at the 
beginning of the series, among the first 20 slides 
(B words), and 6 occurred at the end, among the 
last 20 (E words). These were to be compared with 
14 that occurred in the middle of the series, among 
the first 30 of the third tray (M words). Filler items 
occurred with different frequencies: 1, 4, 6, and 10 
times, scattered throughout the series of slides. 

A paired-comparison test sheet similar to that of 
Exp. I was used. On it were typed 72 word pairs. 
Of the spacing words, each V word was paired with 
an S word from the same block. Of the recency 
words, the 8 B words and 6 E words were each paired 
with 1 of the 14 M words. Of the filler words, 5 that 
occurred 6 times and 5 that occurred 10 times each 
were paired with words that occurred only once. 
Left-right orders and the order of conditions were 
determined randomly, except that the pairs of filler 
items were interspersed on the test sheet at intervals 
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of about seven, in order to keep Ss convinced that 
the word pairs really did differ in frequency. 

Subjects.—The Ss were from the same population 
as those in Exp. I; 118 were run in four groups of 
28-32 each. The data of 1 S were discarded because 
of failure to follow instructions. 

Procedure.—Groups 1 and 2 used the same test 
sheets, but between experimental sessions the within- 
block ordering of words in the slide series was 
Changed so that, for spacing words, V words for 
Group 1 became S words for Group 2 and vice versa. 
Likewise, for recency items, B and E words became 
M words and vice versa. Filler words were not 
Changed. The same procedure related Groups 3 and 
4, but these Ss had a different initial random assign- 
ment of words to conditions and different test sheets. 
Presentation and test procedures were the same as 
in Exp. I except that no absolute judgment test 
followed the discrimination test. 


Results 


The effect of spacing on frequency dis- 
crimination is presented in Fig. 3, where 
Open circles represent the proportion of 
times Ss judged a V word more frequent 
than an S word, plotted as a function of 
Spacing of the V word. The S words each 
Occurred twice, at a spacing of four items. 
Only two points differ significantly from the 
chance value of .50; words that occurred a 
Single time only and words that occurred 
twice in a row were judged to be less fre- 
quent than S words. Chi-square computed 
оп data from the five conditions that in- 
Volved two presentations was significant, 
х (4) = 32.6, p < .001. 
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The probability of judging a B word 
(from the beginning of the series) more 
frequent than an M word was -551, which 
differed significantly from -50, x? (1) 
= 9.85, p < .01. The probability of judg- 
ing an E word more frequent than an M 
word was .499, which was not significantly 
different from .50. These results agree 
with the primacy effect found in the abso- 
lute judgment data of Exp. I, although the 
effect was again small. 


EXPERIMENT III 


The purpose of this experiment was to 
confirm the spacing effect found in Exp. II, 
using the absolute judgment technique. 


Method 


Materials.—The structure of the series of slides 
was essentially the same as in Exp. П. A single test 
sheet for absolute judgment of frequency, similar to 
that used in the second task of Exp. I, was used. 
On it were typed 100 words, 56 of which were spacing 
words from Exp. II. Seven words were used from 
each of the eight blocks, the 6 previous V words 
plus 1 S word. Thus, seven conditions were repre- 
sented: single presentation, plus two presentations 
at spacings of 0, 1, 2, 4, 8, and 16. These words were 
randomly ordered on the page, interspersed with 
filler words from the slide series and new words 
which had not been presented during the series. 

Subjects and procedure.—There were 163 Ss, run 
in seven groups of 21-27 each. All Ss used the same 
test sheet, but the within-block assignments of 
words to the seven conditions were rotated between 
experimental sessions. Thus each word occurred 
approximately equally often in each condition, but 
always in the same block. The presentation pro- 
cedure was the same as that of Exp. I; the test 
followed immediately, and the test procedure was 
the same as that of the absolute judgment task of 
Exp. I. 


Results 


The judgment data are in agreement with 
the discrimination data of Exp. II. Median 
frequency judgment as a function of the 
spacing of repetitions is shown by the filled 
circles of Fig. 3. Judgments increased as 
spacing increased from 0 to 4 and then 
asymptoted at about 1.88. Analysis of 
variance showed a significant difference 
between one and two repetitions, F (1, 162) 
= 141.4, and a significant monotonic effect 
of the spacing of repetitions, F (1, 162) 
= 25.8, both p’s < .001. 
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As in Exp. I, there was a small but 
significant linear decrease over blocks, F 
(1, 162) = 4.017, р < .05. The median 
frequency judgments for Blocks 1-8 were 
1.85, 1.78, 1.66, 1.70, 1.68, 1.74, 1.71, and 
1.55. A slight primacy effect was thus 
again evident. 


Discussion 


It was suggested in the context of a two- 
stage theory of memory that Ss who were 
asked to judge the frequency of an event 
would do so by retrieving the long-term 
memory trace of the event and gauging its 
strength. Three predictions were made con- 
cerning performance on frequency discrimina- 
tion and judgment tasks: that apparent fre- 
quency would (a) increase with the actual 
frequency, (b) be independent of recency, and 
(c) increase with the spacing of repetitions. 
Results of the three experiments reported here 
confirm these predictions. 

Both the discrimination and the judgment 
data of Exp. I indicate that apparent frequency 
increases with the logarithm of the number of 
repetitions, providing the repetitions are not 
massed. Thus, over the range of conditions 
considered here, apparent frequency follows 
Weber's law. The possibility should be recog- 
nized, of course, that performance on the 
absolute judgment task of Exp. I may have 
been influenced by the discrimination task, 
which it always followed. This potential 
source of bias was not controlled. 

Performance at the lower end of the fre- 
quency dimension provides a basis for compar- 
ing the present results with results of recogni- 
tion tasks. The 0-1 discrimination on the 
paired-comparison task corresponds to the 
recognition procedure used by Shepard (1967). 
In Exp. I, Ss made the correct 0-1 choice 
about 80% of the time, compared with about 
82% obtained in the Shepard study with 
similar materials, Despite many differences in 
procedure between the two studies, the results 
are quite comparable, 

There is an inconsistency in the present data 
which suggests that variables other than fre- 
quency and spacing affect absolute frequency 
judgments. In Exp. I, the frequencies of 
events that occurred twice were overestimated, 
while in Exp. IIT they were underestimated 
slightly. It may be that the preceding dis- 
crimination test affected judgments in Exp. I; 
another possibility is that the different densities 
of high-frequency items on the test sheets used 
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in the two experiments influenced Ss’ response 
biases. ч" 

Since the present research was not explicitly 
intended to provide information on the effects 
of recency, times between presentation and 
test of an item were only very roughly con- 
trolled. General conclusions about recency 
effects, therefore, must await more systematic 
exploration of this variable. What evidence 
there is suggests that recency has little, if any, 
effect on apparent frequency. A small but 
significant primacy effect was found in all three 
experiments—i.e., words that occurred early in 
the presentation series were judged more fre- 
quent than words that appeared late in the 
series. It seems most reasonable to attribute 
this effect to a gradual waning of attention 
during presentation of the series of words. 

The effect of the spacing of repetitions is 
quite clear and requires little comment, Both 
the discrimination results of Exp. II and the 
judgment results of Exp. III show effects of 
spacing that are consistent with a two-stage 
consolidation theory of memory and that 
parallel effects of spacing found with other 
dependent variables (e.g., Greeno, 1964; 
Hintzman, 1969; Kintsch, 1966; Melton & 
Shulman, 1967; Peterson, 1966; Rumelhart, 
1967). 

If the present speculation that apparent 
frequency reflects strength of the long-term 
trace is correct, then frequency judgment and 
discrimination measures might prove useful in 
separating long-term from short-term memory 
effects and also, because the scale is open- 
ended, in evaluating memory changes under 
conditions beyond the range of sensitivity of 
other measures. 
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DIFFERENTIAL EYELID CONDITIONING: 


ESTABLISHING DIFFERENTIAL RESPONDING PRIOR 
TO VARYING THE PROBABILITY OF 
REINFORCEMENT! 


FREDERICK L. NEWMAN? амр JULIAN WOODHOUSE 
New Mexico State University 


Two hundred and forty human Ss were run in a differential eyelid conditioning 
study where for half of the Ss standard differential training was given prior to 
manipulating the probability of reinforcement (z;; i = 1, 2) for one CS 
(CS2; та = .00, .25, .50, .75, and 1.00) between groups (24 Ss per group, five 
groups) while 7 for the other CS was constant (CSi; ті = 1.00) across groups. 
The remaining 120 Ss received an equal number of random presentations of 
CS, CS; and UCS over the same time period that the differential pretraining 
was administered to the aforementioned groups. Following the random 
presentation of the three stimuli, the five fixed 71/72 schedules were adminis- 
tered to five groups of 24 Ss (mı = 1.00; тз = .00, .25, .50, .75, and 1.00). 
Partial support was obtained for the prediction that differential pretraining 
would facilitate differentiation as a function of the ту — тз difference even 


when тз > .00. 


In a previous study (Newman, 1967) 
differential responding as a function of the 
probability of reinforcement (7) was not 
obtained unless one of two CSs (CS;) was 
never reinforced (тә = .0) and the other 
CS (С5;) had an associated т value of 
either .25, .50, .75, or 1.00. When the т 
values associated with each CS were 
greater than zero (and ті > тз), Ss re- 
sponded as if there was a single CS rein- 
forced on a joint (rı and тз) schedule. The 
present experiment was designed to deter- 
mine if standard differential training (zi 
= 1.00 and тг = .0) administered prior to 
shifting m to a value greater than zero 
(holding ту constant at 1.00) would result 
in differentiation as a function of the 
ті — T» difference (Az). 


METHOD 


Apparalus.—The human eyelid conditioning labo- 
ratory at New Mexico State University was con- 


1 This research was supported in part by New 
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Joe Lopez and Don Sanchez for their aid in running 
the study. 
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L. Newman, Department of Psychology, New 
Mexico State University, Box 3452, Las Cruces New 
Mexico 88001. ' 


structed in a fashion similar to the University of 
Massachusetts laboratory. The Ss’ room contained 
two identical enclosures which permitted one or two 
Ss to be run during a session, each with identical 
stimulating and recording equipment. Extraexperi- 
mental noise was masked by a Grason-Stadler 
SUP noise generator set at approximately 75-db. 

L. 

Each S wore a Walke elastic headband supporting 
an airjet with a j-in. orifice and а Minitorque 
potentiometer (Giannini Model 35153) which picked 
up movements of the right eyelid. Signals from the 
potentiometer were recorded by an Offner Type RP 
Dynograph. 

The CSs were two 1-in.-diameter incandescent 
lights (70-v. ac) horizontally separated by 6 in. 
(center to center), located approximately at eye 
level 36 in. in front of 5. The right light had a red 
jeweled element and the left light a green smooth 
element. Thus, the two CSs in this study differed 
along three visual dimensions: position, hue, and 
texture. In the first study (Newman, 1967) the 
two CSs simply differed along one auditory dimen- 
sion: pitch. When programmed, a CS was on for 
an 850-msec. duration, terminating on reinforced 
trials together with a 50-msec. air puff, providing an 
800-msec. CS-UCS interval. The UCS intensity 
was 125-mm. Hg static pressure. The interval 
between trials was either 7, 10.5, or 14 sec., varied 
randomly with the restriction that the average 
interval be 10.5 sec. 

Design.—Each 5 received eight blocks of 16 trials 
with CS; and CS; lights presented randomly, but 
equally often, within each block. For the five 
groups of Ss under the differential pretraining con- 
dition (PD) z1—1.00 and т+=.00 for the first three 
blocks of 16 trials. Starting with the fourth trial 
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block, four groups of Ss had тг shifted from .00 to 
either .25, .50, .75, or 1.00. A fifth group was main- 
tained on the standard schedule (7:=1.00 and 
71—.00). In this paper a group is denoted by its 
reinforcement schedule on the last five trial blocks 
in the fashion mi/r2. For example, the group for 
Which 7:=1.00 and +2=.25 on the last five trial 
blocks is titled the 100/25 group. 

Five other groups, the control groups, were given 
the same schedule of CS; and CS; presentations over 
the total of 128 trials as the five PD groups and the 
Same five values and schedules of тз on the last five 
trial blocks (т = 1.00; та = .00, .25, .50, .75, or 1.00). 
On the first three blocks of CS presentations the five 
Control groups received 24 presentations of the UCS 
randomly interspersed across the interval between 
CS Trials 1 and 48. The random schedule was 
Constructed within the restrictions of the Tally 
*ight-channel paper tape programmer. This pro- 
Srammer advanced every 3.5 sec. Thus, for the 
first 48 CS presentations, with an average intertrial 
Interval of 10.5 sec., there were 142 positions on the 
tape to program the 24 UCS events. If the random 
assignment of a UCS fell on trial (which it did five 
times, twice on CS; trials and thrice on CS: trials), 
the 800-msec. ISI was obtained. Thus, the five 
Control groups experienced the same schedule of 24 

Sı and 24 CS, events as the five PD groups and the 
Same number of UCS events (24), but not under a 

ifferential conditioning paradigm. , According to 
€scorla (1967), this sort of control is proper when 
attempting to investigate parameters of conditioning 
Over and above such factors as (а) activation due to 

Cs Presentations, (b) sensory preconditioning, and 
(c) habituation to nonreinforced CS presentation. 

prediction was that the control groups would 
Not differentiate as a function of Ат under the 
Second phase of training when ту was systematically 
Varied as in the corresponding five PD groups. 
"Urthermore, it was predicted that performance on 

* last several trial blocks would be a joint function 
Of mı and та, i.e., “respond as if there was a single cs 
Teinforced on a joint (т and та) schedule. 

The design was completed with 24 Ss per тор 
counterbalanced for S's sex, recording channel, an 
ssignment of the two lights as CS: and CS2. Female 

5 Were run in one recording channel and males i 
"un in the other, thus confounding sex and recording 
channel as one variable. й 

rocedure—F ollowing "neutra ә 

З Were run through the 128 trials. pers the 
Conditioning session, all Ss were given a brief ques- 

‘Onnaire. The questionnaire was modeled sie eue 

CVised by Kimble (1967) and a more recent adap- 
tation by Moore, Newman, and Glasgow (1969). 

Subjects. "Two hundred and eighty-nine = hats 

Бегей from the introductory psychology ae м 

е data from 49 Ss were discarded: (а) 16 еа 

Paratus and experimenter failure, (5) 13 m = 
cooperative (sleeping, moving the headband, е2. 
nd (c) 20 for adapting to the UCS. The latter 15 


Problem generic with the local S population. licen 
Westioned after running, all 20 Ss reporte 


instructions, all 


they were from the arid windy Southwest, and most 
either rode horses and/or motor cycles. 

Definition of response —Deflections greater than 
1 mm. of the recording pen within a latency of 
150-820 msec. following CS onset were considered 
to be CRs. 


RESULTS AND DISCUSSION 


The differential conditioning curves for 
each of the five PD groups and each of the 
five control groups are presented in Fig. 1 
and 2, respectively. All five PD groups 
(Fig. 1) responded in a parallel fashion 
during the first 48 trials, i.e., no significant 
differences between PD groups were ob- 
tained. When т» was shifted to a value 
greater than zero, starting with the fourth 
trial block, CRs to CS; remained at a 
remarkably stationary level across trial 
blocks and between groups. All F tests of 
concern here were within .70 of the expected 
value of 1.00. The percentage of CRs to 
CS, jumped to a different level, more or 
less as a function of т», and exhibited little 
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Fic. 1. Differential conditioning curves for the 
five differential pretraining groups. 
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Fic. 2. Differential conditioning curves for 
the five control groups. 


more variability across the last three trial 
blocks, within groups, than was exhibited 
by the PD 100/0 group. Various tests of 
trends and contrasts showed that differ- 
entiation followed the ordinal relationship: 
(100/0) > (100/25) > (100/50 = 100/75 
= 100/100), p < .01. А linear trend 
among the difference scores for the latter 
three groups (100/50, 100/75, and 100/100) 
while graphically suggested was not signi- 
ficant, F (1, 100) = 2.88. The results 
suggest little, if any, generalization of 
excitation from CS; to CS; after the shift 
in т» occurred as there was no corresponding 
change in CR, The most parsimonious 
interpretation would be that the tendency 
to respond to each CS depended solely on 
its corresponding т value, independent of 
the reinforcement schedule of the other CS. 
Possibly if training were extended several 
additional trial blocks, thereby obtaining a 
more stable asymptote, a clear linear Ar 
function across all тз > .00 groups would 
be obtained. The results, under this 
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interpretation, do lend some credibility to 
the class of models initiated by the Burke- 
Estes (1957) model. . 

For the five control groups (Fig. 2), as 
predicted, no between-group variance nor 
evidence of differentiation was obtained 
over the first three trial blocks. On the last 
five trial blocks, with the shift in the л» 
value, the predicted results did not obtain. 
The prediction for the four тг > .00 control 
groups was that responding to either CS 
would be a joint function of т; and т». 
Although attenuated, the performance of 
these four groups paralleled the four corre- 
sponding PD groups. Responding to CS, 
among these four control groups showed 
much the same pattern and statistically 
were not significantly different from each 
other. Furthermore, the level of respond- 
ing to CS, by all five control groups was 
significantly lower than that exhibited by 
the five PD groups, F(1, 100) — 16.294. 

The percentage of CRs to CS, increased 
as a function of т», for the control Ss, 
although statistical significance was found 
only between the arcsin transform of CR» 
of the 100/25 and the 100/100 groups, 
F(1, 100) = 5.91, p < .05. Apparently 
Ss' previous experience with the two CSs 
and the UCS, presented in an uncorrelated 
fashion, did facilitate, to some extent, what 
may be called functional distinctiveness 
between the two CSs on the last five trial 
blocks. Stated another way, Ss in the con- 
trol groups responded to each CS more in 
terms of the corresponding т value with 
little apparent interaction. While such 
differentiation was only significant for the 
100/25 group, such was not the case in the 
first study (Newman, 1967). 

Analysis of the postexperimental ques- 
tionnaire revealed that PD Ss felt more 
prepared for the air puff than did the 
control Ss, F(1, 200) — 35.31. More im- 
portant, the PD groups indicated greater 
confidence in their descriptions of the 
CS-UCS (i=1, 2) relationship than did 
the control groups, F(1, 200) =6.54; and 
subsequent evaluation of these descriptions 
by three raters showed that the PD group? 
in fact, more accurately described the 
CS-UCS relationships, F(1, 200) = 16.00 
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A PD-Control x 71/72 Group interaction 
Was not apparent with regard to: (a) Ss' 
preparedness for the UCS, (b) confidence in 
their description of the CS;-UCS relation- 
Ship, nor (c) the rating of Ss’ description. 
In short, the differential pretraining treat- 
ment had an effect of making PD Ss typi- 
cally more aware of the contingencies of the 
experiment independent of the т» value. 

The present experiment demonstrated 
that differential responding as a function of 
Ar is possible when т» > .00. The most 
Interesting result was that responding to 
CS, was apparently unaffected by the shift 
11 тә. This result does give problems to an 
€xcitation-inhibition interpretation. The 
design of the study does not permit dis- 
Cernment as to whether the obtained results 
Were solely due to the differential pretrain- 
ing or the decreased CS similarity, as 
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compared with the tonal CSs 
Newman (1967) study, or both. 


їп the 
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CHANGES IN PREPARATORY SET AS A FUNCTION 


OF EVENT AND TIME UNCERTAINTY 


STANLEY M. MOSS! 


University of Massachusetts 


Choice reaction times (RTs) to two equally probable events were measured 
under conditions where, within a block of trials, one of the events (fixed) 
occurred with a constant foreperiod and the remaining event (variable) 
occurred with a uniform distribution of foreperiods. Changes in preparatory 
set to the variable event were produced when the foreperiod of the fixed event 
was systematically manipulated within the distribution of variable event fore- 
periods. Prior to the interval of the fixed event foreperiod Ss attend to the 
fixed event. After this duration has lapsed Ss predict with greater accuracy 
the onset of the variable event. When the variable event occurs at the same 
foreperiod as the accompanying fixed event, Ss switch their attention to this 
event. This switch was found to be independent of the probabilities asso- 
ciated with the variable event as indicated by the almost invariant RTs to 


this event across the fixed event conditions. 


The typical reaction time (RT) task 
requires S to react to a stimulus change. 
The speed of S's reaction in a simple RT 
task is largely related to his ability to 
predict when the change will occur; in a 
choice RT task, speed is related to S’s 
ability to predict which one of a number of 
stimulus changes will occur as well as when 
it will occur. These factors determining 
S's ability to predict in an RT task are 
commonly referred to as time and event 
uncertainty and have been subject to 
numerous investigations. 

The effects of event uncertainty (EU) 
on RT were summarized by Bricker (1955). 
The EU is usually specified in terms of the 
number of events in a set or of the relative 
frequency of event occurrence, RT being 
directly related to the size of the set or 
inversely related to the degree of imbalance 
between the relative frequencies of events 
within a set (Crossman, 1953; Fitts, 
Peterson, & Wolpe, 1963; Hyman, 1953). 
Detailed analyses of RTs to individual 
events have yielded results indicating that 
the more frequent event produces shorter 
RTs when compared with the remain- 
ing, less frequent events (Bertelson & 
Barzeele, 1965; Fitts et al., 1963; Hyman, 
1953; Kanarick, 1966). Since fast respond- 


1 Requests for reprints should be sent to Stanley 
M. Moss, Department of Psychology, University of 
Massachusetts, Amherst, Massachusetts 01002. 


ing is determined by S’s preparation 
(Mowrer, 1940), it is evident that EU plays 
a central role in defining the degree of this 
preparation. 

The effects of time uncertainty (TU) 
have traditionally been studied within the 
context of simple RT tasks. Klemmer 
(1956, 1957) specified that TU is a function 
of the time between the onset of a warning 
signal and the critical signal, ie., fore- 
period interval. His results indicated two 
sources of TU, clock-keeping uncertainty 
and time variability uncertainty. The 
former type of TU was increased by 
lengthening the duration of the foreperiod 
interval and reflected S's inherent difficulty 
in keeping track of time. The latter type of 
TU was directly related to the degree of 
variability in the foreperiod intervals 
present within an experimental session. 
When either or both types of TU were 
increased there was a concomitant increase 
in RT. 

In a simple RT task with varying fore- 
period intervals the probability of event 
occurrence increases as the foreperiod dura- 
tion increases. Specifically, if an event is to 
occur equally at any one of z intervals after 
the onset of a warning signal, the probabil- 
ity that the event will occur at the first 
interval is 1/z. If the first interval has 
lapsed, then the probability that the event 
will occur at the next interval is 1/n—! 
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and so on until the time just prior to the 
last interval when the probability of event 
occurrence is equal to 1/1 or unity. Karlin 
(1959), Drazin (1961), and Zahn and 
Rosenthal (1966), using a simple RT task 
with varying foreperiod intervals, found 
RT to be a monotonically decreasing func- 
tion of the foreperiod duration. Specif- 
ically, within a given set of foreperiod 
intervals, RTs to the event decreased as 
the time between the onset of the warning 
signal and the critical event increased. 
This result is consistent with the notion 
that the probability of event occurrence 
increases as the foreperiod duration in- 
creases. While the TU associated with the 
entire distribution of foreperiod intervals 
will affect S's overall RT, assessment of 
the individual RTs to each of the foreperiod 
intervals presents evidence of temporally 
changing EUs. Thus the simple RT task 
with variable foreperiod intervals has 
associated EUs although only one event 
occurs. 

Bertelson and Barzeele (1965) studied the 
concomitant effects of EU and TU in a 
two-choice RT task. Using relative event 
Probabilities of P (1) = .2 and P (2) = .8 
under fixed foreperiod intervals of .5 sec. 
and 5 sec., these investigators reported that 
Preparatory set is selective, as seen by 
shorter RTs to the more probable event, 
and is of short duration, as seen by the 
lengthened RTs due to the longer fore- 
Period interval. While these results are 
Consistent with the general effects of EU 
and TU as stated above, they do not get at 
the dynamic changes in preparatory set 
Seen under the variable foreperiod condition. 

The purpose of the present experiment 
Was to extend these findings by assessing 
the changes in preparatory set over short 
Spans of time. The paradigm used departs 
from the typical variable foreperiod choice 

T task by presenting one of two equally 
Probable events with a fixed foreperiod 
interval and the remaining event with a 
Variable foreperiod. The foreperiod of the 
fixed event was systematically manipulated 
Within the distribution of foreperiods of the 
Variable event. In light of the evidence 


Presented above there are several predic- 
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tions about individual RTs under these 
conditions: First, average RT to the fixed 
event should be shorter than to the variable 
event since there is less TU associated with 
it. Second, as the foreperiod interval of 
the fixed event increases, overall RT should 
increase since the average foreperiod 
interval will be increasing. Third, RTs to 
the variable event should be inversely 
related to the foreperiod intervals of that 
event. Finally, if Sis able to use time asa 
discriminative cue, i.e., to utilize the pas- 
sage of time in anticipating the onset of 
an event, RTs to the variable event that 
occur before and after the duration of the 
fixed event should be shorter than those 
that occurred at the duration of the fixed 
event since there is no event choice at 
these times. 


METHOD 


Procedure and apparatus.—The S sat at а 27-in.- 
high table with the index fingers of each hand 
resting on separate response keys that were 5 in. 
apart. Directly in front of S, at a distance of 3 ft., 
were two white jeweled NE 51 H lamps mounted on 
a vertical panel at a height of 16 in. from the table 
top. These lamps were lined up with the response 
keys and were designated as the events that corre- 
sponded to the respective response keys. Halfway 
between and 13 in. above the two event lamps was 
an amber jeweled NE 51 H lamp designated as the 
foreperiod signal. 

The foreperiod interval, the time between the 
onset of a 500-msec. foreperiod signal and the onset 
of one of the two event lamps, was 1, 3, or 5 sec. 
Prior to the onset of the foreperiod signal E estab- 
lished the conditions for that trial by setting a 
Hunter interval timer for the appropriate interval 
and setting a toggle switch for the appropriate event. 
The RT was recorded from a Hunter Klockounter 
that was activated at the onset of either of the two 
event lamps and terminated by the depression of one 
of the two response keys. The depression of either 
key also turned off the event lamp. 

The average intertrial interval between the onset 
of successive foreperiod signals was 10 sec. This 
time included the foreperiod interval, the RT itself, 
and the time required for the recording of the 
response and RT and for establishing the conditions 
for the next trial by E. Eight blocks of 30 trials 
each were presented with an average of 2-min. rest 
between successive blocks and a 5-min. rest between 
Blocks 4 and 5. 

Design and subjects .—Under each of the four 
experimental conditions one event (variable) 
occurred with a uniform distribution of foreperiod 
intervals, i.e., equal frequencies of occurrence at 1, 
3, and 5 sec. after the onset of the foreperiod signal, 
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The other event (fixed) occurred at either 1, 3, or 5 
sec. for each of three experimental conditions. For 
the fourth experimental condition, the random 
condition, both events occurred with a uniform 
distribution of foreperiod intervals. 

Fifteen presentations of each event occurred 
randomly within each block of 30 trials. The distribu- 
tion of foreperiods associated with the variable 
event was randomly assigned to the 15 stimuli of 
this type. This randomization technique was carried 
out for each of the blocks of trials. 

Table 1 presents the probabilities associated with 
each experimental condition and event conditional- 
ized on the foreperiod intervals. These values 
indicate changes in the probability of event occur- 
rence as the foreperiod duration increases. For 
example, under the 1-sec. condition, the fixed event 
occurs at the 1-sec. foreperiod interval with a 
probability of .500 while the variable event occurs at 
each of the foreperiod intervals with equal probabil- 
ities (р = .167). Therefore at the 1-sec. interval the 
probabilities of occurrence of the fixed and variable 
events are .500 and .167, respectively. After 1 sec. 
has lapsed only the variable event will occur and 
with equal probabilities (5 — .500) at the remaining 
two foreperiod intervals. Finally, after 3 sec. has 
lapsed the variable event has to occur at the 5-sec. 
foreperiod interval. 

Since all 5s performed under all of the experi- 
mental conditions, ascending (1 sec., 3 sec., 5 sec., 
and random) and descending (random, 5 sec., 3 sec., 
and 1 sec.) orders were used for successive blocks of 
presentation. Four combinations of these presenta- 
tion orders were used for the eight blocks of trials (as- 
cending-ascending, ascending-descending, descend- 
ing-ascending, and descending-descending). The 
assignment of the variable and fixed events was 
counterbalanced across Ss for the right and left 
lamps. Four replications of these eight presentation 
sequences were used in the present experiment. 

The Ss were 32 right-handed male undergraduates 
who were recruited from the introductory psychology 


TABLE 1 


PROBABILITIES ASSOCIATED WITH EACH 
EXPERIMENTAL CONDITION AND 
EVENT CONDITIONALIZED ON 
THE FOREPERIOD INTERVALS 


Foreperiod Foreperiod interval (in sec.) 
of the fixed Event 
event (sec.) 1 3 5 
1 Variable 167 .500 1.000 
Fixed 500 .000 -000 
3 Variable| .167 250 1.000 
Fixed -000 .500 -000 
5 Variable 167 .250 -500 
Fixed .000 .000 -500 
Variable .167 .250 -500 
Random | Fixed 467 | 1250 ‘500 
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course at the University of Massachusetts. They 
were assigned randomly to one of the eight presenta- 
tion sequences. 


RESULTS 


An analysis of the median RTs to each of 
the events as a function of presentation 
sequence indicated no significant or con- 
sistent trends. On the basis of these results, 
all subsequent analyses were calculated 
with the presentation sequences pooled 
over Ss. 

To test the predictions made earlier, the 
data from the present experiment were 
analyzed in two ways. The first analysis 
assessed the effects of TU due to foreperiod 
variability and to mean foreperiod interval. 
The second analysis investigated the effects 
of increased foreperiod duration on the 
individual RTs to the variable event alone. 

Table 2 presents the averages of the 
median RTs for each S partitioned for 
each event (fixed and variable), foreperiod 
condition (1, 3, 5, and random), and session 
(Blocks 1-4 and 5-8). It should be noted 
that the median RTs to the variable event 
were calculated by collapsing across all 
the foreperiod intervals of this event. 

Since there is less TU associated with the 
fixed event, i.e., less foreperiod variability, 
S should be more prepared for this event 
than for the variable event; the greater 
degree of preparation is seen in faster RTs. 
Inspection of the data indicate that RTs to 
the fixed event are faster than to the 
variable event, F (1, 30) = 24.43, p < .001, 
indicating that Ss are more prepared for 
this event. This supports Bertelson and 
Barzeele's (1965) findings that preparatory 
Set is specific. For these investigators this 


TABLE 2 


Мерам RTs TO Eacu EVENT AS д FUNCTION oF 
SESSIONS AND FoREPERIOD OF 
THE FIXED EVENT 


Blocks 1-4 


Blocks 5-8 
Foreperiod of 
fixed events " 
Fixed | Variable Fixed | Variable 
event event event event 
1 265.7 | 266.8 | 263.6 | 266.6 
3 301.9 | 303.4 | 295.1 | 302.7 
5 291.8 | 317.4 | 277.6 | 320.1 
Random (1,3,5) | 308.6 | 306.6 | 308.5 | 307.9 
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specificity was determined by the more 
frequently occurring event; in the present 
study specificity was determined by the 
temporal certainty of the fixed event. 

The S's preparation should be adversely 
affected by the increased mean foreperiod 
intervals when the foreperiod of the fixed 
event increases from 1 to 3 to 5 sec. (The 
mean foreperiod intervals for these three 
conditions are 2, 3, and 4 sec., respectively.) 
This assumption is, in part, borne out by 
the data, F (3, 90) 216.28, р < .001. This 
Significant effect represents an increase in 
overall RT from the 1-ѕес. to the 3-sec. 
condition (35.1 msec.) with no significant 
increase from the 3-sec. to the 5-sec. 
condition. The Conditions X Event inter- 
action, F (3,90) = 16.28, p < .001, spec- 
ifies the reasons for the failure of RTs to 
increase from the 3-sec. to the 5-sec. 
condition. Collapsed across sessions, the 
average RTs to the fixed event are 264.7, 
298.5, and 284.7 msec. for the 1-, 3-, and 
5-sec. conditions, respectively. The com- 
Parable RTs to the variable event are 266.7, 
303.1, and 318.8 msec. The RTs to the 
Variable event are a monotonically increas- 
ing function of the foreperiod of the fixed 
event, while the RTs to the fixed event have 
an inverted V relationship to the foreperiod 
of the fixed event. The concomitant in- 
Crease and decrease to the variable and 

Xed events, respectively, at the 5-sec. 
Condition cancel each other and are seen as 
no change in RT when the data are col- 
apsed across events. Finally, note that 
there is a greater difference between the 
RTs to the two events across the conditions 
n the second session (Blocks 5-8) as 
Compared to the first session (Blocks 1-4), 
F (1, 30) = 444, р < .05, indicating that 

5 are more prepared for the fixed event 

Uring the second session. 

Since the RTs to the variable event are 
Comprised of RTs to a distribution of in 
Periods, the second analysis was performe 
Оп the median RTs for each 5 to this ^w 
Partitioned for foreperiod interval (1, г 
апа 5 sec.) and condition (1, 3, 5 sec. е7 
Fandom) for the second session (Bloc 5 
?-8). Table 3 summarizes this data. sas 
that the data for each foreperiod interva 
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differs with respect to the accompanying 
fixed condition. 

The overall increase in RT as the fore- 
period of the fixed event increased, F (3, 93) 
=30.43, p < .001, is in agreement with the 
results obtained in the first analysis. 
Except for the random condition, there was 
a general decrease in RT as the foreperiod 
interval decreased, F (2,62) = 39.01, p 
< .001. This decrease is consistent with 
the prediction made earlier: RTs to the 
variable event should be inversely related 
to the foreperiod interval of this event. 
However the magnitude of this effect differs 
under each of the fixed event conditions, 
F (6, 186) =7.54, p < .001. 

When the foreperiod interval of the 
variable event equals the accompanying 
fixed interval, i.e., the time of event choice, 
RTs across the three conditions are rela- 
tively constant; the greatest difference is 
slightly larger than 3 msec. In addition, 
the slopes or successive changes in RT differ 
around these times. Although there are 
only three data points for each condition, 
these results indicate that RTs to events 
with a short foreperiod reflect small de- 
creases as the foreperiod increases up to the 
time of event choice, while RTs after this 
time reflect larger decreases as the fore- 
period increases. These changes in the RTs 
to the variable event represent a constant 
decrease from the 1-sec. foreperiod interval 
to the time of event choice under the 3- and 
5-sec. conditions (27.8 and 28.4 msec., 
respectively) and a relatively constant de- 
crease from the time of event choice to the 
event occurring at the first foreperiod 
interval after this time under the 1- and 


TABLE 3 


MepiAn RTs To THE VARIABLE EVENT ror BLOCKS 
5-8 as A FUNCTION or FOREPERIOD INTERVAL 
AND FOREPERIOD OF THE ACCOMPANYING 
FixEp EVENT 


Foreperiod interval 
Foreperiod of the 
accompanying 
fixed event 


1 sec. 3 sec. 5 sec. 

1 299.1 259.0 240.0 

3 330.1 302.3 265.8 

5 327.8 311.0 299.4 
Random (1,3,5) 319.4 310.5 313.8 
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3-sec. conditions (40.1 and 36.5 msec., 
ectively). 

"T was eap earlier that Ss react to 
thechanging probability of event occurrence 
under variable foreperiod conditions. For 
this reason a rank order correlation was 
calculated between these probabilities in 
the present experiment (see Table 1) and 
the RTs under these conditions which were 
obtained from the second session of the 
fixed event data seen in Table 2 and all of 
the variable event data seen in Table 3, 
р = .805, p < 01. The RTs at each of the 
foreperiod intervals for the fixed event 
under the random condition were not 
recorded for the present study and therefore 
are not included in this calculation. While 
these rankings show a high degree of 
concordance across all experimental condi- 
tions and events, this relationship for the 
variable event within all but one of the 
experimental conditions (random) is perfect. 
On the basis of these calculations it is 
apparent that 575 preparation is related to 
the probability of event occurrence as the 
foreperiod interval increases, in particular 
within a block of trials where this probabil- 
istic structure remains constant. The 
exception to this is found in the random 
condition where the probability of event 
occurrence increases as the foreperiod in- 
terval increases with concomitant non- 
significant changes in RT. 


DISCUSSION 


Two of the predictions made earlier, that 
average RT to the fixed event would be 
shorter than to the variable event and that 
average RT to the variable event would be 
inversely related to the foreperiod of that event, 
are clearly supported by the results of the 
present study. These results are consistent 
with those obtained by other investigators and 
support the existence of two sources of un- 
certainty that affect S’s preparation in an RT 
task: TU due to foreperiod variability (Klem- 
mer, 1957) and EU due to the changing 
probabilistic structure of event occurrence as 
the foreperiod duration increases (Drazin, 
1961; Karlin, 1959; Zahn & Rosenthal, 1966). 

The prediction that overall RT would in- 
crease as the foreperiod of the fixed event 
increased was not entirely borne out. It was 
assumed that Ss would adjust their overall 
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preparation to the average foreperiod interval, 
which was linearly related to the foreperiod of 
the fixed event. The results indicate that, as 
predicted, RTs to the variable event increased 
as the fixed event foreperiod increased, but 
RTs to the fixed event had an inverted V 
relationship to the foreperiod of the fixed 
event. Specifically RTs to the fixed event 
were faster than the median RTs to the 
variable event only where the fixed event 
occurred at the longest foreperiod interval. 

The reasons for this difference occurring at 
the longest foreperiod interval become clearer 
when the RTs to the variable event at each 
foreperiod interval are compared to the RTs 
to the fixed event for each of the fixed event 
conditions (see Tables 2 and 3). The RTs to 
the variable event prior to the time that the 
fixed event is expected are slower than the 
RTs to either event during or after the time 
that the fixed event is expected. However, 
RTs to the variable event after this time are 
faster. When the fixed event occurs at the 
longest foreperiod interval, i.e, 5 sec, the 
median RTs to the variable event are largely 
comprised of reactions that occur prior to the 
time of the expected fixed event. 

These results partially support the prediction 
that Ss would use the expected arrival of the 
fixed event as a discriminative cue and switch 
their preparation as a function of this cue. 
Specifically RTs to the variable event that 
occur before and after the duration of the 
expected fixed event should be shorter than 
those that occur at the duration of the fixed 
event. This is the case for RTs to the variable 
event after this time. However, prior to this 
time, S's preparation for the fixed event 
precludes attending to the variable event until 
the foreperiod of the fixed event has lapsed. 
The changes in RT to the variable event after 
this time are linearly related to the lapsed 
time. Changes in RT up to this time are not a 
function of the amount of time that has 
lapsed, but rather are a function of the 
specific time at which the fixed event is 
expected. Under the 3- and 5-sec. fixed event 
conditions, RTs to the variable event decrease 
comparable amounts from the 1-sec. foreperiod 
to the 3- and 5-sec. foreperiods, respectively. 
Mowrer (1940) has indicated that preparation 
increases up to the time when an event is 
expected. In the present study the decreasing 
RTs to the variable event up until the time 
that the fixed event is expected reflects, in 
part, S's preparation to the fixed event—the 
closer in time to the expected event the faster 


the RT, 


bs 


PREPARATORY SET AND EVENT AND TIME UNCERTAINTY 


The specificity of this preparation is seen 
in the RTs to the variable event at the times 
when the fixed event is expected. These RTs 
differ by no more than 3 msec. This result was 
unexpected considering the probabilities asso- 
ciated with the variable event at these times. 
Since it is apparent that Ss are more prepared 
for the fixed event than for the variable event 
at these times, it is suggested that this con- 
stancy of RTs is due to Ss switching their 
preparation from the fixed event in order to 
react to the variable event. The fact that the 
RTs are of a similar magnitude indicates that 
this switching takes a given amount of time 
and is independent of the probabilities asso- 
ciated with the variable event. Thus the 
coexistence of a time-certain event (fixed) with 
a time-uncertain event (variable) produces 
effects on RTs to the time-uncertain event 
that could not be predicted on the basis of the 
event probabilities over the increasing fore- 


period intervals. 
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TRANSPOSITION AS A FUNCTION OF PROBLEM 
DIFFICULTY 
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The effect of problem difficulty as manipulated by the intrapair distance 
between stimuli on the weight dimension was investigated. A small intrapair 
stimulus ratio in the transposition test produced responding to the transposed 
stimulus, while a large intrapair ratio produced absolute responding. The 
intrapair ratio in training had no effect on amount of transposition in the test. 
There was no increase in transposition over test trials. 


The purpose of the present study was to 
investigate the effect of problem difficulty, 
as manipulated by intrapair distance, on 
transposition along the weight dimension. 

The effect of problem difficulty on trans- 

position has previously been investigated 
by Thompson (1955) and Riley, Ring, and 
Thomas (1960) in rats, and Rudel (1957), 
Riley and McKee (1963), Zeiler (1966), 
and Zeiler and Gardner (19,6) in young 
children. In all these studies except Thomp- 
son's the test stimuli differed by the same 
ratio as the training stimuli, thus confound- 
ing training difficulty with test difficulty 
(cf. Riley, 1968, p. 99). In Thompson's 
experiment the training and test ratios 
were more similar in the difficult group than 
in the easy group, thus again complicating 
interpretation of training and test factors. 
The present study employed a factorial 
design to separately assess the effect of 
training and test difficulty. 

A second purpose of the experiment was 
to assess the major prediction made by 
James' (1953) adaptation level (AL) theory 
of transposition. The prediction evaluated 
is that transposition should increase over 
test trials. James cites as evidence a 
number of studies showing an increase in 
transposition over test trials when both 
responses are rewarded. However, in some 
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atories, 11300 La Cienega Boulevard, Inglewood, 


California. 


of the studies in which this occurs (e.g., 
Chisum, 1965; Rudel, 1958) there is a 
preponderance of transposed responses on 
the first test trial. When this is the case, the 
number of transposed responses would be 
expected to increase over the trials because 
of the reward outcomes on the test trials. 
The present study used nonoutcome trials 
(cf. Levine, Leitenberg, & Richter, 1964) 
during testing and therefore is a clearer 
test of James’ assumption that an increase 
in transposition over test trials should occur 
independent of reward effects. 

A retention control period was also 
employed in this experiment to (a) evaluate 
the postcriterial drop in the easy and 
difficult groups (Underwood, 1964), (b) 
evaluate the effect of switching from out- 
come trials (i.e., trials with knowledge of 
results) to nonoutcome trials, and (c) mask 
from Ss the point of transition from training 
to test conditions. 


METHOD 


Subjects.—The Ss were 40 undergraduate students 
from an introductory psychology course who chose 
participation in the experiment as an option for 
fulfilling a course requirement. 

A pparatus.—The weight-discrimination apparatus 
resembled two lever beam balances in which the 
beams were positioned in parallel. The S keys were 
attached to one end of the lever, and sliding weights 
which could be adjusted from 0-500 gm. in 1-gm. 
steps were attached to the other end of thelever. A 
2 X 3 ft. screen was attached to the apparatus so 
that only the S keys were visible to S. 

Design.—The design was a 2 X 2 factorial in 
which the two factors were the intrapair stimulus 
ratio during training and the intrapair stimulus ratio 
during testing. The two intrapair stimulus ratios 
were a ratio of 1:1.10 defining the hard conditions 
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TABLE 1 
STIMULUS VALUES (IN GRAMS) USED IN THE GROUPS 


Training Testing 
Group 
Heavy + Light + Heavy 4- Light + 
E-E —150 to 4-263 +150 to —263 263 to 460 37 to 150 
E-H —150 to +263 +150 to —263 263 to 289 135 to 150 
H-H —150 to +165 +150 to —165 165 to 182 135 to 150 
H-E —150 to 4-165 +150 to —165 165 to 322 37 to 150 


and a ratio of 1:1.75 defining the easy conditions. 
Group hard-hard (H-H) was trained and tested on 
the hard intrapair ratio, while Group easy-easy 
(E-E) was trained and tested on the easy ratio. 
Group easy-hard (E-H) was trained on the easy 
intrapair ratio and tested on the hard ratio. Group 
hard-easy (H-E) was trained on the hard intrapair 
ratio and tested on the easy intrapair ratio. А 
Within each group half of the Ss were trained with 
the lighter stimulus positive and half with the 
heavier stimulus positive. The transposition test was 
in the direction of the positive stimulus in both the 
light positive and heavy positive groups. The actual 
stimulus values used are shown in Table 1. 
Procedure.—Ten Ss were assigned randomly to 
each group in order of their appearance in the 
laboratory. The Ss were instructed to respond to 
the absolute value of the positive stimulus regardless 
of any other stimuli which might be presented with 
the positive stimulus. The Ss were then given 10 
trials of pretraining on the positive stimulus prior to 
the discrimination training. The Ss were instructed 
to push both keys in any order with the same index 
finger of one hand. The position of the positive 
stimulus was varied randomly from right to left 
according to the Gellerman orders. All „55 меге 
trained with knowledge of results to a criterion of 


Criterion S was informed t 


him any i ive feedb 
y informative ) н 
Continue to tell E which side the correct stimulus 


Was on. The S was then given 10 nonoutcome 
retention trials with the same stimuli used ie 
training. Following the 10 retention D n 
Positive and transposed stimulus was gane be 
No indication from E of changed conditions for 


More nonoutcome trials. 


RESULTS 
an number of 


Training resulis.—The me 
i ing, the mean 


trials iterion during train he Me 
rims СА ai eee responses during um 
Tetention period, and mean number Е 
transposed responses іп the four groups a 

shown in Table 2. An analysis of variance 
9n the mean number of trials to criterion 
between the four groups during gd 
Was significant, F (3, 36) = 21.83, P & MS 


Orthogonal comparisons were run between 
the four groups to evaluate the source of 
the overall effect. The comparison between 
the two easy groups (E-E and E-H) and 
the two hard groups (H-H and H-E) was 
significant, ¢ (18) = 8.00, p < .001. The 
comparison between Groups E-E and E-H 
was not significant, ¢ (18) = .11, р> .45, 
nor was the difference between Groups 
H-H and H-E, ¢ (18) = 1.23, p > .10. 

An analysis of variance on the number of 
correct responses on the retention trials in 
the four groups was not significant, F (3,36) 
—2.36, p > .25. 

Testing.—A 2 X 2 factorial analysis of va- 
riance was run on the number of transposed 
responses during the test trials. The effect of 
testing condition was significant, F (1, 36) 
=717.12, p < .001. The effect of training 
conditions was not significant, F < 1, nor 
was the Training X Testing Conditions 
interaction, F « 1. 

The number of transposed responses as a 
function of test trials is shown in Fig. 1. 
A Groups X Trials analysis of variance was 
run on the data shown in Fig. 1. There was 
again a significant groups effect, F (3, 36) 
—206.70, p < .001. The trials effect was 
not significant, F (4, 144) 2 1.64, p > .05, 
nor was the Groups X Trials interaction, 
F (4, 144) 22.18, p > .05. 


TABLE 2 


MEAN TRIALS TO CRITERION, MEAN RETENTION 
SCORES, AND MEAN NUMBER OF 
TRANSPOSED RESPONSES 


Group Trials to criterion] Retention | Transposition 
E-E 11.70 10.00 1.80 
E-H 11.40 9.90 20,60 
H-H 28.40 9.60 21.50 
H-E 23.10 10.00 1.90 
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a 


a 


MEAN NUMBER TRANSPOSED RESPONSES 
N С) 


BLOCKS OF 5 TEST TRIALS 


Fic. 1. Mean number of transposed responses over the 25 test trials. 


DISCUSSION 


The results obtained in Groups E-E and 
H-H agree with the results obtained in many 
previous studies (Riley & McKee, 1963; Rudel, 
1957; Thompson, 1955; Zeiler & Gardner, 
1966) in finding that the amount of transposi- 
tion increases as the intrapair difference in 
training and test decreases. However, Groups 
E-H and H-E make clear that this increase in 
transposition is solely a function of the test 
conditions. Although the transposition test 
has traditionally been used to infer the basis of 
solution during training, the present results 
suggest that such an inference is not always 
warranted. It might be recommended that 
future investigators use designs which allow a 
separate assessment of the effect of training 
and test variables. 

The present results show little support for 
an AL interpretation of transposition (James, 
1953). There is no increase in transposition 
over test trials when reinforcement effects are 
removed. It could be argued that a ceiling 
effect obscures such an increase in Groups 
E-H and H-H but this is clearly not the case in 
Groups E-E and H-E. Actually, Group H-E 
should show a larger amount of transposition 
than the other groups according to an AL 

interpretation. The increase from a small 
intrapair difference in training to а large 
intrapair difference in testing should shift the 
AL further away from the previously positive 
stimulus and result in greater transposition. 


This is clearly not the result obtained. It 
might be argued that the use of instructions 
to respond to the absolute stimulus values 
complicates an interpretation in terms of AL 
theory. However, AL theory specified that a 
shift in AL results in a shift in the perceived 
absolute values of the stimuli as a result of 
background or context variables so this objec- 
tion does not appear relevant. 

It can be noted that the present results do 
not give much comfort to theories (e.g., 
Kohler, 1938) which assert that more transposi- 
tion will occur when the training ratio is similar 
or identical to the test ratio or when the ratio 
of the training and test stimuli to the AL is 
constant (Zeiler, 1963). 

The most reasonable explanation for the 
present results seems to be that all Ss are 
attempting to make absolute judgments as 
instructed, but they are only able to do so 
when the intrapair differences are large in the 
test. If the same effect is operative in training, 
this implies that Ss in Group E-H switch 
immediately from an absolute to relative basis 
of responding from training to test and that 
Ss in Group H-E do just the opposite. 
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RECOGNITION OF WORDS AND HOMONYMS AS A 
FUNCTION OF AMOUNT OF PREEXPOSURE! 
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Two experiments determined the effect of preexposure of words on their recog- 
nition thresholds and on the thresholds of their homonyms. The first experi- 
ment, a replication of Neisser's (1954) study, yielded results similar to his. 
The second experiment varied the amount of preexposure of the words and 
homonyms and indicated systematic and different effects of increasing pre- 
exposure. Preexposure of a word made it easier to recognize. Minimal pre- 
exposure of a word also made its homonym easier to recognize. Increasing 
preexposure, however, lowered the probability of recognition of the homonym, 
while increasing the probability of recognition of the word. 


Neisser (1954) studied the role of re- 
sponse bias and perceptual sensitization in 
tachistoscopic perception by comparing the 
threshold of words that had been pre- 
exposed (set words) with the threshold of 
words whose homonyms had been pre- 
exposed. He reasoned that if response 
bias were a major factor in set, then pre- 
exposure of a homonym of a test word 
should have effects similar to that of pre- 
exposure of the word itself. He found that 
the set words were seen more readily than 
either the homonyms or words that had not 
been preexposed (control words), while the 
homonyms and control words did not differ 
in threshold. Neisser concluded that "the 
effect of a set of this type is to facilitate 
recognition processes without generally fa- 
cilitating the corresponding verbal re- 
sponses [p. 402]." 

Since that time, work has continued on 
the issue of response bias vs. sensitivity 
(e.g., Hochberg, 1956; Smock & Kanfer, 
1961 ; Spence, 1963 ; Zajonc & Niewenhuyse, 
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York 10003. 


1964). A recent review of some aspects of 
this issue is found in Haber (1966). The 
two concepts also play a central role in 
signal detection models (e.g., Swets, Tan- 
ner, & Birdsall, 1961). Moreover, an- 
other related issue has arisen for which 
studies of homonyms are relevant. This 
issue concerns the form in which perceptual 
information is stored. For certain per- 
ceptual tasks it has been argued that the 
input information is stored or processed 
in verbal form (Conrad, 1962; Glanzer & 
Clark, 1963a, 1963b, 1964; Sperling, 1963). 
If this term “verbal form" is taken as 
equivalent to "auditory form," it should 
be possible to demonstrate an effect of 
preexposure of homonyms on tachisto- 
scopic recognition. The purpose of the 
present research was to reexamine the 
homonym vs. set word effect and to deter- 
mine the conditions under which preex- 
posure of homonyms has an effect on sub- 
sequent performance. 


EXPERIMENT I 
Method. 


The first experiment replicated Neisser's experi- 
ment with one main change in procedure. Instead 
of preexposing the words by presenting the entire 
list for 1 min., each of the 10 preexposure words was 
shown singly, in succession, for 6 sec. each and pro- 
nounced aloud by S. The Ss were then tested on 
each of 5 set words, homonyms, and control words. 
"The words used were the 30 words used by Neisser, 
three pairs of lists with 5 words in each list: [A—no, 
rain, paste, whirled, colonel; IB—know, reign, paced, 
world, kernel; etc. 

Apparatus. —A three-field New York University 
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tachistoscope (Karlin, 1955) was used. The lumin- 
ance of the stimulus field was 3.00 ftl. ; the luminance 
of the preexposure and postexposure fields was 
1.69 ftl. 

Procedure.—Each S was run for two sessions. 
During the first session his thresholds were deter- 
mined for 10 practice words. These measures were 
used to fix a starting position well below S's thresh- 
old for the subsequent method of limits testing. 
During the second session 10 words were shown to S 
on separate cards in random order, 6 sec. each. The 
S was then tested with the tachistoscope on 17 
words by the ascending method of limits, with the 
exposures increased by steps of approximately 2 
msec. The 17 words consisted of 2 practice words 
followed by the main set of 15 words in random 
order—5 previously exposed set words, 5 homonyms 
of previously exposed words, and 5 control words. 
The words were counterbalanced, as in the Neisser 
experiment, so that across the 12 Ss each word was 
employed twice as a set word, twice as a homonym, 
and twice as a control word. 

Subjects —The Ss were 12 undergraduates who 
Participated in the experiment as part of a course 
requirement. 


Results 


For each S a median threshold value 
Over all 15 test words was determined. The 
frequencies of words from the three classes 
that fell above, below, or at this median 
are summarized in Table 1. Table 1 also 
includes the Neisser frequencies in paren- 
theses. The results for the set and control 
words corroborate Neisser's results. The 
results for the homonyms, however, depart 
from Neisser's results. Неге the average 
threshold for the homonyms falls between 
the thresholds for the set and the control 
Words, while in the Neisser data it falls 
slightly above the threshold for the control 
Words. Individual comparisons show that 
10 of the 12 Ss recognize the set words at 
Shorter exposures than the control words. 
Evaluated with the binomial expansion, 
this is significant at the .05 level (two- 
tailed test). There are, however, no sig- 


TABLE 1 
ONS 
Comparison оғ EXPERIMENTAL CONDITI 
Homo- | Control | Total 
Recognition speed | „265, | Tayms | words 
29 (29) | 66 (76) 


Slower than median | 14 (15) | 23 (32) | 29 69 (62) 
Fast ian | 30 (29) | 22 (16) | 17 (17) 42 
Acer than median J Ga 15 (12) | 14 (14) | 45 (42) 


i 954). 
Note.—Frequencies in parentheses are from Neisser a 


nificant differences on the basis of the in- 
dividual comparisons between the set words 
and the homonyms. Only 7 out of the 12 
Ss did better on the set words. 


Discussion 


Although the results for the control and set 
words are very similar to Neisser's results, the 
results for the homonyms differ. The significant 
difference between the set words and homonyms 
is no longer present. This variation may have 
been due to the difference in the preexposure 
procedures. The procedure used in the present 
experiment controlled the exposure of each 
word more fully and also forced S to pronounce 
the words. If these differences in procedure 
are important, it becomes of interest to vary 
the effectiveness of preexposure, under this 
procedure, more directly. To do this, a study 
was set up in which the amount of preexposure 
of homonyms and set words was systematically 
varied. 


ExPERIMENT II 


The materials, apparatus, and general 
procedures were the same as those of Exp. I 
except for the addition of variation of pre- 
exposure and a change in the testing pro- 
cedure. Instead of the ascending method of 
limits, repeated trials at a fixed exposure 
duration were used (Haber & Hershenson, 
1965). This experiment consists of four 
complete replications. In the first replica- 
tion the luminance levels were the same as 
in Exp. I. In the others, the luminance of 
the exposure field was 1.25 ftl.; for the pre- 
exposure and postexposure fields it was 
1.56 ftl. 


Method 


Materials.—Neisser's three pairs of word lists of 
five words each were used. One word was added to 
each list so that an equal number of words could be 
assigned to each preexposure condition for each S, 
The added words were the following: IA—weigh, 
IB—way; ПА—ог, IIB—oar; IlIA—bare, ШВ, 
bear. 

Procedure.—Each S was run for two sessions. 
During the first session he was shown 50 English 
practice words in the tachistoscope and an exposure 
duration was determined at which he identified ap- 
proximately 20% of the words. The practice words 
were similar to the experimental words in length but 
were slightly higher in Thorndike-Lorge frequency. 

During the second session, each S's set words and 
homonyms were preexposed 1, 5, or 10 times, This 
was done by showing each S a pack of 64 randomly 
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ordered 3 X 5 in. cards in which 4 of the experi- 
mental words appeared on 1 card each, 4 appeared 
on 5 cards, and 4 appeared on 10 cards. Two of the 
words at each level were set words and two were 
homonyms. The S saw each card for 6 sec. and 
pronounced each word aloud as it was shown. The 
S was informed that some of the words would later 
be shown on the tachistoscope. As before, the words 
were assigned to experimental conditions so that 
each would appear equally often as a set word, a 
homonym, and a control word—twice in each 
replication. . К 
Turtles counterbalancing was carried out with 
respect to the preexposure variable. For each S 
who had had 10 preexposure trials of a particular 
word as either a set word or a homonym there was 
another S who had 1 preexposure trial on that word 
in the same experimental condition. The assign- 
ment of words to preexposure conditions was ran- 
dom. It was identical for Replications 1 and 2, but 
new randomizations were performed for both 3 and 4. 
After preexposure training was completed S was 
tested tachistoscopically on 20 words. The first 
two were practice words. The remaining 18 were 
distributed equally among the three conditions— 
set, homonym, and control. The words were pre- 
sented in random order. Each word was shown 10 
times in succession to S at the exposure duration 
that had been determined for that S. The S was 
required to make a response on each trial. The 
response consisted of saying and then spelling a 
word. No feedback as to correctness was given. 
The end of each series of 10 trials was indicated to 


Subjects —The Ss were 48 undergraduate students, 
12 in each replication. Twenty-four Ss (Replica- 
tions 1 and 2) participated in the experiment as 
part of a course requirement; the other 24 were 
students who served for pay. 


Results 


Two measures were analysed—the total 
number of correct responses over the 10 
successive test trials and the number of 
the first test trial on which S made a cor- 
rect response. A correct response is here 
defined as both the correct pronunciation 
and spelling of the word shown. The means 
for these measures are shown in Fig. 1 and 
2. Each point for the experimental treat- 
ments represents 96 observations. Each 
control point represents 288 observations. 
The figures show that with one preexposure 
trial both the set words and the homonyms 
are recognized more readily than the con- 
trol words. With increasing preexposure 
trials, the difference between the homonyms 
and control words decreases. These state- 
ments hold for both measures. 
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NUMBER OF PRE-EXPOSURE TRIALS 


Fic. 1. Number of correct responses as a function 
of amount of preexposure. (Solid line = set words; 
broken line = homonyms.) 


Analysis of variance of the measures 
follows that outlined by Cochran and Cox 
(1957) for designs with a control (no 
treatment) and a factorial design involving 
two experimental variables. For the total 
number correct, the effect of replications 
was not significant, F (3, 44) < 1. The 
control words differed from the experi- 
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NUMBER OF PRE-EXPOSURE TRIALS 


Fic. 2. Trial number of first correct response aS 
a function of amount of preexposure. (Solid line 
= set words; broken line = homonyms.) 


RECOGNITION OF WORDS AND HOMONYMS 


mental words, F (1, 47) = 66.86, p < .001. 
The homonyms and set words differed 
significantly, F (1, 47) = 68.35, р < .001. 
The difference in linear trend, over amount 
of preexposure, that can be seen in Fig. 1 
15 not statistically significant, F (1, 94) 
= 2.89,.05 < p < .10. The overall effect 
of preexposure trials is not significant, 

F (2, 94) <1. When all homonyms are 
Combined, they differ from the control 
Words, F (1, 282) = 5.72, p < .025. The 

S made more correct identifications of 
homonyms than of control words. 

Dunnett's (1955) test for the comparison 
of several groups with a control was applied 
for comparisons between individual means. 
The test was two-tailed and had an overall 
а level of .05. The results of these tests 
Show that all three set word means differ 
trom the control mean, but that none of the 
individual homonym means differ from the 
control. 

These results for the total number correct 
are paralleled by results for the number of 
the first trial with a correct response, with 
two exceptions. There was a significant 
ear interaction between treatments (set 
vs. homonym) and amount of preexposure, 
F (1,94) = 7,49, p < .01, and the Dunnett 
test comparing the individual experimental 
Conditions with the control found the 

Omonym mean for one trial of preexposure 
to be significantly different from the control 
mean (р < ‚05, two-tail). 

. As before, all set word means were 
Significantly different from the control 
Mean, p < (05, according to the two- 
tailed Dunnett test, and the control words 
differed from all homonym groups com- 

ined, F (1, 282) = 8.76, p < .005. Con- 
trols differed from experimental words, 

P (1 47) = 58.19, р «.001; and set 
Words from homonyms, F (1, 47) = 53.39 
Ф < .001. There was no significant dif- 
€rence between replications, F (3, 44) < 1, 
“т between preexposure trials, F (2, 94) <1. 

ith this measure, not only was perform- 
ance Superior on homonyms as compared 
© control words, but greater amounts of 
Preexposure hindered the recognition of 
9monyms, This effect of amount of pre- 
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exposure was different from the effect on 
set words. 

The discrepancy between the results 
yielded by the two dependent variables is 
due to sequences of trials during which S 
responded “inconsistently.” Inconsistent 
responding, as used here, refers to those 
10-trial test sequences during which S did 
not continue to respond with the correct 
word on each trial after having given it 
correctly for a first time. 

In the scores above, a response was con- 
sidered correct only if S both spelled and 
pronounced the word correctly. The re- 
sponses were also scored so that if the word 
was pronounced correctly, it was scored 
correct no matter how S spelled it. Re- 
sponses in which S gave such a correct 
pronunciation were, however, so infrequent 
that they had little effect on means. Only 
120 responses were of this type as compared 
with a total of 5,236 responses that were 
correct by the more strict scoring analyzed 
above. Counting these responses as cor- 
rect raises the total number correct means 
by the following amounts: homonyms—1 
trial preexposure, .24; homonyms—5 trials 
preexposure, .35; homonyms—10 trials 
preexposure, .42; set words—1 trial, .01; 
set words—5 trials, .03; set words—10 
trials, .00; control words, .02. 


CONCLUSIONS 


The original question concerned the role of 
verbal response and perceptual factors in the 
handling of visual information. The question 
is considerably more complicated, on both 
logical and empirical grounds, than it appeared 
to beat first. On logical grounds, the question 
is complicated because it must be asked in the 
context of an explicit theory of the performance, 
An example of such a theory is signal detection 
theory (Swets, Tanner, & Birdsall, 1961) which 
specifies the operations to assign values to 
bias and sensitivity parameters. 

It is useful at this point to ask a simpler, less 
general question than the original one posed 
previously. This question concerns the specific 
information that S holds after preexposure of 
stimulus words. The results of Exp. II sug- 
gest that with minimal preexposure, S often 
stores and uses information concerning the 
pronunciation of the word as well as other 
kinds of information. Thus, minimal pre- 
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exposure of a homonym facilitates tachisto- 
scopic perception as compared to control words, 
but it does not help as much as the word itself 
would. As the amount of preexposure in- 
creases, additional information is stored and 
the relative amount concerned with pro- 
nunciation decreases. In the case of the set 
words, this additional information is just as 
congruent with the tachistoscopic information 
as was that information gained with one trial 
of preexposure. It has a positive effect on 
performance. In the case of the homonyms 
the additional information has the effect of 
lessening the congruence of stored and tachisto- 
scopic information. It reduces ease of recogni- 
tion. The increase of preexposure, therefore, 
has a different effect on the homonyms and set 
words. Thus, the reason that the thresholds of 
the homonyms did not differ significantly from 
the set words in Exp. I was that the controlled 
preexposure procedure used there was less, 
not more, effective than Neisser's procedure 
in registering information. 

The total number correct data do not show 
all these effects clearly because they are 
affected by inconsistent responding. Differing 
amounts of inconsistent responding for dif- 
ferent categories of words may modify the 
relationships found when considering first cor- 
rect trial data only. For example, Ss re- 
sponded inconsistently relatively more often 
to homonyms that had been preexposed once 
than to set words that had been preexposed 
once. This is, perhaps, to be expected in view 
of the conflicting information in the former 
case. No comparable difference existed be- 
tween homonyms and set words preexposed 
for 10 trials. 

The answer to either the first, or the simpler, 
second question phrased above is therefore 
complicated on empirical grounds. Whether 
preexposure helps or not depends to some ex- 
tent on the level of preexposure. Moreover, 
there is no clear implication as to whether the 
increased preexposure is affecting a store of 
"visual" or "verbal" information. The addi- 
tional information stored concerning the letters 
of the word could be stored in either form. 
This, of course, glosses over the fact that for 
the terms “verbal” and "visual" to have 
meaning there must exist an explicit theoretical 
context. As things stand now, the original 
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"either-or" question about the nature of 
stored information may very well have the 
answer “both.” 
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STRENGTH, LATENCY, AND FORM OF CONDITIONED 


SKELETAL AND AUTONOMIC RESPONSES AS 
FUNCTIONS OF CS-UCS INTERVALS! 


DELOS D. WICKENS,? ANTHONY F. NIELD, DAVID S. TUBER, 
AND CAROL WICKENS 


Ohio State University 


Seven cats were classically conditioned to respond with a paw movement and 
a GSR at CS-UCS intervals of 150, 300, 500, 750, 1,000, 1,500, and 2,000 msec. 
in a within-S design. Optimal conditioning, as measured by responses to 
extinction, occurred at the 500-msec. interval with the lowest performance at 
150 and the next lowest at 2,000 msec. Both the GSR and the paw response 
showed increasing asymptotic latencies with increasing CS-UCS intervals. 
The paw latencies were remarkably linear, overshooting the interstimulus 
interval (ISI) values at 150 and at 300 msec., and undershooting by increas- 
ingly larger values at intervals beyond 500 msec. The GSR data were less 
regular than those for the skeletal response. The paw CRs differed in form 
at each ISI value. Form differences and latencies at the various intervals 
suggested that a micromolar interpretation would be useful. A theoretical 
interpretation of the relationship between response strength, latency, and 


interstimulus interval is made. 


Pavloy (1927) has stated that in the de- 
ayed conditioning situation, the latency 
of the conditioned response tends, with 
Continued training, to approximate the 
time of onset of the UCS. Although his 
Statement is often quoted in textbooks, 
there has been very little systematic work 
9n its topic. An exception is to be found 
in a study by Prokasy, Ebel, and Thomp- 
Son (1963), who, working with eyelid con- 

‘tioning, demonstrated that the latency 
9f the CR increased as Ss were successively 
Conditioned at CS-UCS intervals ranging 
Tom 630 through 2,497 msec. Another 
°хсер оп is the work of Boneau (1958), 
Who, also using eyelid conditioning, trained 
Sroups at 500-, 1,000-, and 1,500-msec. 
CS-UCS intervals. The data reported 
1ге come from a systematic investigation 

. Conditioning as a function of inter- 

mulus interval (ISI) in a skeletal and in 

П autonomie (GSR) response. This paper 
Oncerns itself only with the latency, form, 

Strength of the conditioned response. 
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A study of conditioned discrimination 
(which determined the general experimental 
design of the research) will be reported 
later. 

METHOD 


Subjects —The Ss were two spayed female and 
five male cats, three of whom had lesions in the 
area described by Thompson and Kramer (1965). 
Since the behavior of the normals and of the operates 
was identical in every measurable respect, their data 
were combined for the purposes of this report. 

Apparatus.—Sanborn 320 recorders registered 
breathing, GSRs, and paw movements. The GSR 
was obtained by means of 3%-in. zinc electrodes in 
plastic cups filled with zinc sulphate and bactoagar 
jelly, which were attached to a forepaw. The GSR 
was measured by a Fels dermohmeter. A strain 
gage mounted on a tape encircling the cat's chest 
reflected breathing; paw movements of the shocked 
paw were indicated by another strain gage. Each 
strain gage signal was amplified by Sanborn Carrier 
preamplifiers, and an Applegate 250 stimulator 
delivered the shock UCS through electrodes on the 
non-GSR forepaw. The CS was a compound of tone 
and light and was produced by a Hewlett-Packard 
oscillator for the tone, and for the light by a bank of 
five 74-w. lights behind a 5X 15 in. translucent screen 
situated a few inches in front of S's head. Tektronix 
Pulse and Waveform generators controlled timing. 
The Ss were located in a Model 402 double-walled 
Industrial Acoustics Co. room, with the equipment 
outside that room. 

Procedure.—The general procedure was to adapt 
Ss to hang quietly in a sling under very slightly re- 
strained conditions (Wickens, Meyer, & Sullivan, 
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1961) so that they would permit the attachment of 
shock electrodes to the left paw, GSR recording 
electrodes to the right paw, a strain gage around the 
chest to reflect breathing, and another strain gage 
on the left or shock paw to indicate movement re- 
sponses to both the CS and the UCS. Shaped Ss 
can remain placidly in the apparatus for at least 
30 min. АП Ss were sophisticated in the procedure 
at the time this experiment was commenced, having 
been conditioned and extinguished in earlier ex- 
periments; they had been conditioned at a 3,000- 
and ata 2,000-msec. ISI just before they were given 
the procedures described in this study. 

The CS consisted of a 1,000-Hz. tone at 20 db. 
above a 50-db. white noise and a light adjusted to the 
same subjective (for E) salience as the tone. The 
two stimuli of the compound always began and 
ended together. The shock UCS occupied the last 
60 msec. of the CS duration. Shocks were individu- 
ally adjusted to each S’s tolerance and ranged from 
1.7 to 2.7 ma. These values remained the same 
throughout the experiment. 

The Ss received 12 trials per day—8 reinforced 
trials to the compound and 2 nonreinforced trials 
to each element—for 16 days; for the next 3 days, 
two nonreinforced check tests to the compound were 
added to this schedule. The schedule on extinction 
days consisted of 9 nonreinforced trials (3 com- 
pounds, 3 lights, 3 tones), with three unaccompanied 
shocks interspersed. 

The Ss were successively conditioned according 
to the schedule just described at CS-UCS intervals 
of 1,500, 1,000, 750, 500, 300, 150, and 2,000 msec., 
in that order. The reason for the introduction of 
the long interval (2,000 msec.) after the series of 
shorter ones was to eliminate the possibility that 
changes in latency might be due simply to repeated 
trials. After each interval (except the 1,500), Ss 
were extinguished to a criterion of four consecutive 
no responses of the paw, the schedules being such 
that these four consecutive no responses had to in- 
clude a failure to respond to each of the kinds of 
stimuli—light, tone, complex.  Latencies were 
measured to the nearest 200 msec. from the graphic 
records. All records were read independently by 
two Es, and if they failed to agree in the reading of a 
response (which rarely happened), that response was 
not included in the analysis. 


RESULTS 


Response latency.—The mean latency for 
the check tests on the last 3 conditioning 
days at each interval is presented in Fig. 1. 
The dotted line in the figure represents an 
equality of the x and the y axis, hereafter 
in this paper designated as the "equality 
function." The adjusted GSR is the mean 
latency at each interval minus a constant 
representing the mean latency to shock 
alone, which was 1,150 msec. Because the 
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mean latency of the paw response to the 
UCS was only about 20 msec., no correc- 
tion was made for the paw latency curve. 
The figure also includes the latency data 
from the Prokasy et al. experiment. It 
is obvious that the skeletal latencies, 
whether for the paw response of the cat or 
for the eyelid response of humans, increase 
linearly as a function of ISI. Possible 
reasons for the better fit of the paw than 
of the eyelid data will be considered in the 
Discussion section. The GSR latency 
shows a tendency to increase with in- 
creasing ISI, but is considerably more 
erratic than latency for the skeletal re- 
sponse. It should be noted that for both 
corrected GSR and paw data, there is an 
overshooting of the equality function at 
the 150- and 300-msec. values, and that 
both of them intersect the equality func- 
tion at approximately the same point, viz., 
about 450 msec. The standard deviations 
in milliseconds for the latencies of the paw 
responses were 100 at the 150 ISI, 94 
at 300, 114 at 500, 204 at 750, 300 at 
1,000, 338 at 1,500, and 424 at 2,000. For 
the GSR, the standard deviations were 
160 msec. at the 150 ISI, 400 at 300, 238 
at 500, 432 at 750, 444 at 1,000, 432 at 
1,500, and 432 at 2,000. 

Response strength.—For the paw response, 
there was no difference in performance at 
the various ISIs on the check tests of the 
last 3 conditioning days, except at the 
150-msec. ISI (where response level was 
18%). The level of conditioning at all 
other ISIs was 90% or higher. The re- 
Sponse strength at each interval was 
measured by the number of responses to the 
extinction criterion of four consecutive 
failures to respond with the paw. These 
results are shown in Fig. 2. An analysis of 
variance for correlated means produces an 
F (5,30) = 37.13, р < .001 (Winer, 1962). 
Computations of #’s showed the following 
differences to be significant at p < .05 or 
better: the 150 was inferior to all other 
ISI groups ; the 300 was superior to the 150, 
1,000, and 2,000; the 500 was superior t? 
all other groups, save the 300; and the 759 
was superior to the 150 and the 2,000. The 
curve of the figure is similar in form an 
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values to Hull's (1952) stimulus-response 
asynchronism curve, as well as to the curves 
from the data of Kimble (1947) and 


Reynolds (1945). The GSR data for fre- 
Quency of response do not show similar 


"d bw 


Н 
8 


a LT 


Number of Responses 
а 
8 


e 


150 300 зо 150 1000 


CS-UCS Interval in MSEC. 


‚ Fic. 2. Total number of responses to the гта 
tinction criterion as a function of interstimu 
‘terval, 


Mean latency of the GSR and paw movement conditioned 
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functions, probably because the paw re- 
sponse, rather than the GSR, was used in 
the extinction criterion. No S at any 
interval met the same extinction criterion 
for the GSR. 

Form of the response.—Typical condi- 
tioned paw responses at all intervals, ex- 
cept the 150-msec. one, are shown in Fig. 
3, the 150-msec. interval being omitted 
because so few CRs occurred at that value, 
It is clear that these responses differ from 
each other in duration and, to some extent, 
in onset slope, with longer intervals having 
longer durations and more gradual slopes, 
Figure 4 illustrates a phenomenon which 
occurred in all Ss. Normally, an S Which 
begins its training at 2,000-msec. ISI will 
show, from the beginning, a response whose 
form resembles the 2,000-msec. example in 
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movement responses at the different interstimulus 
intervals. 
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Fic. 4. The modification of the paw response 
form as a result of the shift from the short interval 
of 150 msec. to 2,000 msec, 


Fig. 3. It will be recalled that Ss were 
Б 1 
shifted from training and extinction ses 


sions at the 300- and 150-msec. intervals 
back up to a session at 2,000-msec. IST 
When conditioning began to occur at this 
longer interval, the Es were startled by the 
appearance of a response markedly dif- 
ferent from the normal one. The CR took 
the form of a series of brief withdrawals of 
Short latency and duration (shown in 
Fig. 4A), each of which was characteristic 
of theshort ISIs. With continued training 
the latency increased; the brief responses 
in series became smaller and less divided. 
The form began to approximate the more 
typical 2,000-ISI form shown in Fig. 4B 
and 4C and finally became the usual 2,000- 
ISI form shown in 4D. 


Discussion 


Response latency—For the skeletal paw re- 
sponse, the results of the experiment reported 
here and the data of the Prokasy et al. re- 
search are very similar in one respect: both 
studies show a straight line relationship be- 
tween latency and ISI. The data of the 
present experiment produce a slope closer to 
that of the equality function than do the 
Prokasy et al. data, but the difference may well 
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be an artifact of the particular results used in 
calculating the values. Prokasy et al. began 
training at the shortest interval and then 
shifted consecutively to the next longer in- 
terval for a number of trials. Apparently, in 
computing their means, they included all 
trials, and, of course, the early trials would have 
a latency conforming to the previous and 
shorter interval. In the present experiment, 
only the latencies of the check tests on the last 
3 days of the conditioning series were employed, 
giving a measure of terminal latency rather 
than a mean latency throughout the shaping 
Process of the sessions. Perhaps, had Prokasy 
et al. used the last few scores for each temporal 
interval, the slope of their curve might have 
been more steep. It is also true that their 
latencies were measured on reinforced trials 
and thereby long latencies might have been cut 
off by the UCS. : 

An interesting characteristic of the data lies 
in the fact that the latencies at the two shorter 
intervals were greater than the ISI. This is of 
particular significance since the reaction time 
of the paw to shack is only about 20 msec., 
and, judging from this fact, it would seem that 
it was well within the physical capacity of S 
to react to the CS prior to the occurrence of 
the UCS, It would appear that about 150-170 
extra msec, are required to initiate the response 
by way of a conditioned connection, as opposed 
to the unconditioned connection. It is also of 
interest to note that the corrected GSR has 
latencies at the shorter interval which also ex- 
ceed the equality function and which are 
fairly close to the values of the paw response. 

The increased disparity between the equality 
function and the response latency curve at the 
longer intervals may be accounted for by time 
estimation errors, which would be expected to 
increase in absolute value as the objective in- 
terval increased in value. On the other hand, 

ecause of a slower rate of conditioning at the 
Onger intervals, more trials may be required 
for the latency to reach an asymptote. How- 
ever, at all intervals, the response latencies 
Nad stabilized by the time the check tests were 
уеп, 

Two additional similarities between the 
Skeletal and autonomic ириса аара 
Noted. Both responses show the inter s 
effect in ane although the GSR does not 
exhibit the same high degree of conformity to 
the environmental contingencies of this experi- 
Ment as does the skeletal response. Both the 
adjusted GSR and the skeletal response inter- 
Sect the equality function at approximately the 
Same value. One interpretation of these 
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similarities is that both responses are controlled 
and initiated by the same central process, but 
that there is more noise in the outgoing autono- 
mic response system than in the skeletal, and 
hence more variability. Another is that these 
are two independent conditioned response 
systems which operate by the same general 
principles, but, because of a difference in 
inherent latencies, behave differently in this 
situation. 

Response strength and the ISI.—The extinc- 
tion data for efficiency of paw conditioning in 
relation to ISI give a curve (Fig. 2) markedly 
similar to the theoretical curve that Hull 
(1952) derived from the Reynolds (1945) data. 
Not only are the forms of the curves similar but 
the temporal data add another significant fact. 
Hull's curve was at a maximum at 450 msec., 
and, in the present experiment, both the GSR 
and paw latency curves intersect the equality 
function at approximately this value. This 
suggests that there may be some relationship 
between efficiency of conditioning and ease 
with which the organism can closely match th 
latency of the response to the value of the IS 
Specifically, it might be assumed that the bes 
conditioning wil occur if the conditioned re- 
sponse can be made slightly in advance of the 
UCS. If the time is so short that the learned 
response, or its central initiation, cannot be 
given in anticipation of the UCS, then since 
reinforcement precedes the response, condition- 
ing may be poor. At the longer intervals, time 
estimation errors produce a considerable vari- 
ability in latency of response, and a sufficient 
proportion of the responses occur so long be- 
fore the UCS that its reinforcing effect may 
be diminished. 

Micromolar theory and the ISI.—Logan 
(1956) has proposed a micromolar theory for 
the instrumental learning situation. Specific- 
ally, the theory holds that as a function of 
environmental contingencies interacting with 
the behavioral characteristics of the organism, 
responses of different latencies represent dif- 
ferent habits rather than a single habit whose 
temporal characteristic varies. There is a 
considerable bit of evidence in the data of the 
present experiment to suggest that the condi- 
tioned responses at different ISI values are 
indeed different from each other. First, there 
is the fact of mean latency differences at the 
various intervals. Perhaps the most dramatic 
indicator of response differences is what oc- 
curred during the acquisition of conditioned 
responses at the 2,000-msec. interval after 
Ss had been conditioned at the shorter 1515. 
In the beginning, something like associative 
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interference seems to occur, and the response 
characteristics of the short interval are repeat- 
ed, asin Fig. 4A, producing a saw-toothed effect. 
In Fig. 4B, the short-interval responses begin 
to be integrated into a more typical 2,000-msec. 
response form, producing a staircase effect. Fin- 
ally, the smoother response characteristics of 
the 2,000-msec. interval begin to emerge. This 
progression seems to offer evidence that the 
response which is acquired at the longer in- 
terval is a different one in latency and form 
from the shorter interval CR—a fact which is 
in agreement with the micromolar theory. 
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EFFECTS OF AMBIGUOUS CONCEPTUAL SIMILARITY 
ON RETROACTIVE INTERFERENCE IN VERBAL 
MEMORY? 


GLORIA POLLACK* 
Massachusetts Institute of Technology 


A list of nouns that are simultaneously flowers and girls’ names was presented 
as an interpolated list (IL) to see how much retroactive interference (RI) was 
exerted over two previous original lists (OL), one of flowers and one of girls’ 


names. 
flowers or girls’ names alone. 


Its effects were compared with those of 
Most of the RI of the flower list went to the 


an IL composed of either 


previous flower list and most of the RI of the girls’ names went to the previous 


irls’ name list. 
g 


The RI of the name-flower list split between the two OLs. 


The results suggest increased RI with increased conceptual similarity and 
that the ambiguous flower-name list is coded both in the flower and girls’ name 


classes. 


McGeoch and McDonald (1931) and 
Kingsley (1946) have shown that for serial 
learning of discrete items, greater retro- 
active interference (RI) is obtained with 
greater semantic similarity between the 
original list (OL) and the interpolated list 
(IL). These experiments suggest a type of 
semantic encoding in verbal memory. The 
type of semantic similarity used in these 
studies was meaningful similarity as de- 
fined by Underwood and collaborators 
(Underwood, Ekstrand, & Keppel, 1965) 
in their studies of differential learning with 
variations in intralist similarity. The par- 
ticular material used by McGeoch and 
McDonald, and Kingsley was adjectives 
scaled for varying degrees of similarity. 
Studies of RI in serial learning with con- 
nected discourse material have given no 
basis for a possible generalization from the 
effects of similarity in unconnected lists 
(Ausubel, Robbins, & Blake, 1957; Hall, 
1955; Slamecka, 1959). But Slamecka and 
Ceraso (1960) attribute this lack of com- 
parable results to problems In the method 


used, and in a study done in 1960 Slamecka 
5 i d Space 
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showed the expected increased RI with 
increased similarity between OL and IL 
for connected material. Heise (1956), using 
lists of various orders of approximation to 
English, also found greater RI with greater 
similarity. These results for serial learning 
have also been obtained using a formal type 
of similarity 

In the following experiment, done with 
the serial learning procedure using discrete 
items, the similarity between the OL and 
IL was based on membership in a common 
class (flower, girls’ name, animal, etc.) 
rather than rated similarity of meaning. 
This type of similarity corresponds to what 
Underwood et al. (1965) have defined as 
conceptual similarity. 

Extrapolating from McGeoch and 
McDonald's (1931) and Kingsley's (1946) 
results for serial learning, more RI would be 
expected when the IL is conceptually very 
similar to the OL, rather than when it is 
conceptually very different. But the main 
purpose of the present experiment was to 
investigate the encoding of words that 
belong simultaneously to two classes (con- 
ceptually ambiguous words); i.e., homo- 
nyms such as rose or violet, which are both 
flowers and girls’ names. 

The question to be answered in this 
experiment was whether lists composed of 
ambiguous words meaning flowers and 
girls’ names would be coded (a) in a sepa- 
rate class from the flower class or the girls’ 
name class, (b) in one of the two categories, 
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or (c) in both of them. The first hypothesis 
would be accepted if the flower-girls’ name 
list used as IL produced the same for- 
getting of an OL of flower or girls’ names 
as an IL of animal names. 

If the ambiguous list was coded in only 
one of the classes, the following results 
would be expected: the flower-girls' name 
IL would exert over one of the OL the same 
forgetting as an IL of the same class (flower 
or girls’ name); but the amount of for- 
getting produced for the other OL would be 
equivalent to that produced by a com- 
pletely different class IL (e.g. animals). 

If the ambiguous list was coded in both 
categories, the result would have to be an 
increased forgetting of both OLs as com- 
pared with the forgetting produced by a 
list of animals. If this were the case, there 
would be two possible alternatives: that 
the amount of forgetting of each OL was 
identical to that obtained when an IL of 
flowers or girls’ names was used or that it 
was less. The last alternative would mean 
that the encoding of the ambiguous list 
is in both classes, but producing a divided 
forgetting effect over the two possible 
classes. 


METHOD 


Experimental design.—In the present design, Ss 
were randomly distributed into five groups. All the 
groups had to learn an OL of flowers and of girls’ 
names. Half of the Ss in each group learned first the 
list of flowers, and the other half learned first the 
list of girls’ names. 

Then an interpolated task (IT) was given. For 
Group F, the IT was the learning of a second list of 
flowers, and for Group G, the learning of a second 
list of girls’ names. Group FG learned as IT a list 
of words that was simultaneously names of girls and 
of flowers such as daisy and violet. Group A learned 
a list of animals, and Group C (control group) had 
to write down words that were being dictated to 
them without being required to remember the words. 

After the IT, all groups were asked to recall the 
three lists they had previously learned in the same 
order as they had been given to them (Group C had 
to recall only two OLs). 

Procedure.— The study-test learning procedure 
was used for both OLs and the IL. The Ss heard 
each of the lists five times. After each of the five 
trials, they wrote on a sheet of paper the words that 
they remembered. The Ss had to write first the 
words whose position they could recall, and in the 
second half of the page those words that they knew 
were in the list, but for which they did not know the 
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position. The recall after the fifth trial was con- 
sidered as the final recall for that particular list. 

Group C heard as IT a list of 70 AA two-syllable 
words taken from the Thorndike-Lorge (1944) list. 
There was a 6-sec. interval between the words so 
that Ss had time to copy them on a sheet of paper. 
The time that this task took was the same as the 
learning of the IL for the other four groups. 

After the IT, Groups F, G, FG, and A were allowed 
5 min. to write what they remembered of the three 
lists they had learned, in the same order as they 
had heard them before. They had to write first the 
words they remembered in the right position, and 
then those they remembered were in that list, but 
whose position they did not know. Finally, they 
were also given space to write words that they re- 
membered, but could not recall to what list they 
belonged. 

The retest procedure for Group C was the same 
as the one for the other groups, except that they 
were given 3 min. 20 sec. to recall the two lists they 
had learned. 

None of the Ss knew that they were going to be 
retested after they had learned the different lists. 

Group FG was asked at the end of the experiment 
to write what they thought the FG words repre- 
sented, i.e., flowers, girls' names, or both. 

Lists.—Six lists were required for the experiment: 
a flower and a girls’ name list for OL; and a flower, 
a girls’ name, a flower-girls’ name, and an animal 
list for IL. All lists were composed of 11 words. 
The two OLs were matched for number of syllables 
and familiarity by the Thorndike-Lorge (1944) list. 
The same matching was done within the four IL. 
The six lists had been taped by a male speaker at a 
rate of one word every 2 sec. 

Subjects.— The Ss were 124 volunteer under- 
graduate students of the Massachusetts Institute 
of Technology. They were paid $1.60 per hour for 
their participation in the experiment. Twenty-eight 
Ss were assigned to Group F; 28 to Group G; 40 to 
Group FG; 14 to Group A; and 14 to Group C. 

Scoring.—Two criteria were used as a measure of 
learning: (a) item recall—number of words recalled 
in the correct list (intrusions were considered as 
errors, but their number was so small that their 
inclusion as correct recall would not have affected 
the results) and (5) ordered recall—number of words 
recalled correctly following a previous one. 

Amount of forgetting in both cases was deter- 
mined by subtracting recall in the retest from recall 
in the final learning trial for that same list. 


RESULTS 


Learning.—Table 1 shows the mean num- 
ber of correct responses during the learning 
trials. The Kruskal-Wallis one-way anal- 
ysis of variance shows no significant differ- 
ences at the .05 probability level among the 
groups for both OLs for either item or 
ordered recall. The five groups do differ 
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E 1 


MEAN NUMBER oF Correct RESPONSES PER S DURING THE 
Five LEARNING TRIALS FOR EACH LIST 


OL flower OL girls’ name IL 
Group 
Item recall Ordered recall Item recall Ordered recall Item recall Ordered recall 
F 41.96 29.18 43.14 32.36 47.14 32.36 
G 42.96 29.86 43.89 30.96 47.32 38.21 
FG 41.07 26.45 43.55 29.52 47.45 37.85 
A 43.86 31.86 46.71 35.21 51.64 46.64 
R 42.21 27.57 45.57 34.36 — iain 


significantly (p < .01) in the learning of 
ILs, with the animal list being clearly su- 
perior to the other four. This result can be 
attributed to different amounts of negative 
transfer from the OLs to the IL. 

Table 2 shows the performance of Ss 
during the last trial of the OLs. The per- 
formance tended to be 100% correct for 
more than half of the Ss on each group at 
the end of the learning trials. 

Recall.—Table 3 shows the mean amount 
of forgetting for each of the two OLs in the 
different groups. 

With the item recall criterion, an IL of 
flowers produced significantly more for- 
getting of the OL of flowers than of the OL 
of girls’ names (№ < 90001, Wilcoxon 
matched-pairs signed-ranks test). The op- 
posite result was obtained when the IL was 
girls’ names (p < 00001). In Group FG, 
the difference in amount of forgetting for 
the OL of flowers and the OL of girls’ 
names was not significant. 

The total amount of forgetting for the 
two OLs together was not significantly 


TABLE 2 
Correct RESPONSES PER S 


Mean NUMBER OF 
FTH LEARNING TRIAL 


DURING THE FI 


different for any pairing of Groups F, G, 
and FG (Mann-Whitney U test). In the 
case of Groups A and C, the difference of 
forgetting between OLs of flowers and girls' 
names was not significant. The total 
amount of forgetting for OLs of flowers and 
girls’ names is significantly less for the A 
and C groups than for the F, G, or FG 
groups. 

The absolute differences between for- 
getting of OLs of flowers and names are 
significantly greater in Groups F and G 
than in Group FG (p < .05, Mann- 
Whitney U test). For the statistical 
analysis a rank of these absolute differences 
in forgetting between both OLs for each S 
was made for Groups F, G, and FG. This 
result indicates that the division of the 
effects of the ambiguous IL over the two 
OLs, observed at the group level, is the 
product of a corresponding division at the 
individual level and not the result of a 
cancellation of effects in opposite directions. 

With the ordered recall criterion, the 
results are, in general, very similar to those 


TABLE 3 


MEAN AMOUHT OF FORGETTING OF OLs PER S 
IN THE DIFFERENT GROUPS 


For OLs 
Item recall criterion Ordered recall criterion 
OL flower OL girls’ names 
G Group öt OL " OL 

TER Item recall оға Item recall onera flower gis Total | gower gis Total 

В 10.43 9.04 к | 3.71 | 1.32 | 5.03 | 5.39 | 2.54 | 7.93 
б TA * 10.43 8.86 с | 0.64 | 4.17 | 4.81 | 146 | 4.89 | 6.35 
FG | 10.00 8.18 10.78 9.35 FG | 2.82 | 2.12 | 4.94 | 5.00 | 3.63 | 8.63 
A 1057 | 9.79 | 10.93 | 1043 A | 1.50 | 1.00 | 2.50 | 242 | 2.64 | 5.06 
R 10.00 | 8.64 | 1057 9.92 R | 085 | 042 | 1.27 | 143 | 1.00 | 243 
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obtained for item recall. In Groups F and 
G there were significant differences in the 
forgetting of the OLs (p < .00001, Wil- 
coxon test). In the other three groups the 
difference of forgetting between the two 
OLs was not significant. К 

The main difference between item and 
ordered recall was that for ordered recall 
the total amount of forgetting for the two 
OLs was significantly greater (р < .05) 
for Group FG than for Group С. . For item 
recall, this comparison was not significant. 
However, Groups FG and F did not differ 
in total ordered recall forgetting of the 
OLs, as they had not differed using the 
item recall criterion. 

When the 40 Ss who formed Group FG 
were asked about their interpretation of 
the words forming the IL (words that were 
simultaneously names of girls and flowers), 
they reported the following: 67.5% (27 Ss) 
said they thought the words were only 
names of flowers; 15.0% (6 Ss) reported 
that they were mostly names of flowers, 
but some words could also be names of 
girls; 12.5% (5 Ss) gave the interpretation 
that the words could be given both mean- 
ings; 2.5% (1 S) thought the words were 
only names of girls ; and 2.5% (1.5) thought 
of the words as being trees. 


When the 27 Ss in the FG group that 
interpreted the words solely as flowers were 
analyzed, the results for both item and 
ordered recall were virtually identical to 
those just reported for the entire FG group. 


DISCUSSION 


Conceptual similarity between OL and IL 
appears to affect RI in the same way as rated 
meaningful similarity, i.e., increased similarity 
will produce more RI. 

The results also show that the ambiguous 
flower-girls’ name list was coded both in the 
flower class and in the girls’ name class. This 
can be inferred from the fact that it produced 
more forgetting of each of the previous OLs 
than the animal list did and also more than the 
flower list or girls’ name list produced on the 
OL not similar to them. 

There would be two alternative explanations 
for the occurrence of this division of effects of 
the ambiguous IL. One is that it occurs at 
the single-item level, i.e., that each time a single 
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ambiguous item is given as a stimulus, it goes 
to both categories producing in each case half 
the RI that a single nonambiguous item would 
produce. The other explanation is that any 
time an ambiguous item is given, it goes to 
either one or the other class, exerting the same 
RI as a nonambiguous item of the same class 
would. The result of this process would be 
that some items would weaken the recall of 
one list and some would weaken the recall of 
the other. At the moment, a definite decision 
between these alternatives cannot be made. 

The independence of the results for the FG 
group from the interpretation Ss gave to the 
words tends to support the notion that the set 
during the learning of an ambiguous list is not 
crucial in determining the effects of that list 
over one or the other class. 
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EFFECT OF EXTERNAL FEEDBACK ON THE RATE 
OF POSITIVE SELF-REINFORCEMENT! 


ALBERT R. MARSTON? 
University of Southern California 


The experiment examined the relationship between external feedback and 
self-reinforcement (SR) ina pseudosubliminal perception task in which accu- 
racy of the evaluated verbal response was not permitted to vary. It was found 


that while overall percentage of reinfo 
reinforcement for SR generally contri 
reinforcement for non-SR. However, 


rcements influenced SR rate, contingent 
ibuted more heavily than percentage 
these effects were found to vary with 


base-rate level of SR. At very low base rates of SR, reinforcement of non-SR 
had the apparently paradoxical effect of raising SR level, and raising it more 
effectively than reinforcement of SR directly (where so few opportunities for 


reinforcing SR were available). 


inforcement of поп-5. 


Research on self-reinforcement (SR) has 
been concerned with both the effect of a 
number of variables on rate of SR and the 
effect of these nonrestricted, self-adminis- 
tered rewards on the learned responses 
Which they follow. Paradigms involving 
SR have employed two sequences of events: 
(a) evaluated response, external feedback 
Concerning accuracy, SR or no SR (e.g. 
Bandura & Kupers, 1964) ; and (b) evalu- 
ated response, SR or no SR, external feed- 
back or no feedback (e.g., Marston, 1967). 

here is increasing evidence (6.5. Kanfer 
& Duerfeldt, 1967) that, at least in the 
Second paradigm, SR affects the strength 
of the evaluated responses. lf such an 
effect in the response-SR-feedback se- 
quence represents an important learning 
Phenomenon, particularly as an analogue 
to more complex learning situations, analy- 
sis of the relationship between external 
feedback and the occurrence of SR becomes 
à relevant problem. That is, if the inter- 
Vening self-evaluation response acts as an 
effective mediator, one can attempt to 
Separate out the influence of the external 
feedback on the mediating response itself. 

Kanfer and Marston (1963) demon- 
Strated in a general way the effect of ex- 
by Research 
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At high base-rate levels, differential re- 
R succeeded in lowering final level of SR. 


ternal feedback on the rate of SR. An 
approving O successfully raised rate of SR; 
whereas the same O giving disapproving 
feedback lowered SR rate. These changes 
in rate transferred to a second task during 
which O was absent. 

In the present experiment the relation- 
ship between feedback and SR rate is ex- 
amined in greater detail In a pseudo- 
subliminal perception procedure similar to 
that used by Kanfer and Marston (1963), 
S reported which of four words had sup- 
posedly been flashed in a tachistoscope, 
made an SR decision, and could then 
receive feedback apparently related to the 
accuracy of the perceptual response. Since 
no words were flashed, learning, in the 
sense of actual improved perceptual accu- 
racy, was eliminated as an influence on rate 
of SR. All Ss began the task with a block 
of trials with no feedback, to measure base- 
rate SR, and ended the task with a block 
without feedback, to examine posttreatment 
effects. Groups varied in treatment during 
the eight blocks of intervening trials. 

The basic factorial design contained four 
conditions varying pattern of external feed- 
back at three levels of base-rate SR. The 
feedback conditions compared (a) a high 
overall rate of positive feedback indicating 
accurate perceptual responses, but a low 
level of contingency on SR (80% positive 
feedback after SR and 80% after non-SR 
trials); (b) a low overall rate of positive 
feedback and a low contingency on SR 
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(20% positive after SR and 20% after 
non-SR) ; (c) moderate rate of positive feed- 
back with high contingency on SR (80% 
positive after SR and 20% after non-SR) ; 
and (d) a high contingency on SR, but in 
a pattern complementary to the preceding 
group (20% positive after SR and 80% 
after non-SR). The first two groups pro- 
vided boundary comparisons for the latter 
two contingent treatments. In this way it 
was possible to approach the problem of 
determining how change in rate of SR is a 
function of reinforcement of SR and re- 
inforcement of non-SR. In order to ex- 
plore whether contingent feedback had 
similar effects in raising and lowering SR 
rate, groups with high (8-14/15) and low 
(2-7/15) base rates were compared. In 
addition, it was felt that very low or non- 
existent base rate would be less responsive 
to contingent feedback pattern which dif- 
ferentially reinforced SR (80-20). There- 
fore Ss with 0-1/15 base rates were treated 
as a separate base-rate group in the 4X3 
design. 

An additional group was run for a com- 
parison outside of the basic factorial design. 
To determine the effectiveness of the SR 
contingency pattern with complete control 
over the total number of positive feed- 
backs, 10 Ss with low base rate (2-7/15) 
were yoked with the first 10 Ss in the 
group; low base rate, 80% positive feed- 
back after SR—20% after non-SR. Each 
S in the yoked group was given the same 
total number of positive feedbacks in each 
block of trials as his partner in the SR- 
contingent group, but the feedback pattern 
was a predetermined random one. 


METHOD 


Subjects.—The Ss were University of Wisconsin 
students, who received extra credit toward their 
grades in introductory psychology for serving in 
the experiment. The Ss were run throughout a 
period of a semester, each one being assigned to a 
feedback contingency condition after base rate was 
determined. Within each of three groupings of base 
rates (0-1, 2-7, 8-15), Ss were assigned in sequence 
to one of the four contingencies, all of which then 
contained approximately equal n's (inequalities were 
resolved by dropping from the analyses the data of 
Ss run latest in the experiment). The net z was 
146, equally distributing 34 to each of the four 
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contingency conditions plus 10 in the yoked random 
feedback group. The ;/'s per base rate were unequal 
(44 at 0-1, 86 at 2-7, and 16 at 8-15). This was 
resolved statistically rather than by continued ac- 
cumulation of Ss with low-frequency base rates. 
The Es were three advanced undergraduate, female 
research assistants who ran equal numbers of Ss in 
each treatment group. 

Apparatus.—The S was seated at a table in the 
experimental room, separated from E by a 4X5 ft. 
screen of black cloth. Protruding from the screen 
was the eyepiece of a 2-channel tachistoscope. On 
the table in front of S were two doorbell-type push- 
buttons; one near his left hand activated a buzzer 
and one near the right activated two clocks on E's 
side of the screen. Clock No. 1 was wired to the 
tachistoscope so that activation of Channel 2 started 
the clock. The S's first pressing of the button on his 
right during a trial stopped Clock No. 1 and started 
Clock No. 2. His second press stopped Clock No. 
2. The tachistoscope contained the same stimuli 
throughout the experiment. In Channel 1, the fixa- 
tion channel, S saw a card containing four nouns 
(fish, tree, hair, ship). The Channel 2 comparison 
stimulus was a series of black lines resembling 
mutilated letters. Channel 2 was flashed at .5 sec., 
which, for the standard illumination of the tachisto- 
scope, allowed .Ss to see enough stimulus to accept 
the instructions that words were being flashed. 

Procedure.—All Ss received the same initial in- 
structions and procedure for the first block of 15 
trials. They were told that the experiment con- 
cerned language skills and skills involving percep- 
tual facility. The operation of the tachistoscope 
was explained and the basic steps of the procedure 
elaborated. First, they would see the four constant 
words; then one word would be flashed rapidly. 
They were to decide which word was flashed and 
press the button on their right to indicate readiness 
to respond, and then respond aloud. The stopping 
of Clock Timer No. 1 by S's button press yielded 
a response latency measure. After saying one of the 
words, Ss were to decide how confident they were 
that they had selected the correct word. If they 
"thought they might have been correct," they would 
indicate this through giving themselves a point by 
pressing the button on their left, Again, to give a 
measure of latency for the decision to take SR, S 
was instructed to press the button on the right a 
second time (stopping Clock No. 2) when he had 
decided whether or not to take a point. The Ё 
allowed 5 sec. after the second button press for S to 
actually press the point button before saying 
"Ready" to indicate that in 2 sec. a word would 
flash for the next trial. The Ss were encouraged to 
earn as many points as they could, but to use their 
own judgment as to whether they had earned a 
point on a given trial. They were further instructed 
that all four words would flash equally often and in 
no systematic order, so that they were to concentrate 
on perception rather than to try to guess a wor 
sequence. After the 15 trials with no feedback from 
E, all Ss were given a 30-sec. rest period after which 
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the next set of instructions was read. The basic 
steps in the procedure were reviewed. In addition, 
a statement was added to indicate that E would tell 
them the correct response on each trial. The se- 
quence of events on each trial was the same, except 
the insertion of the feedback. During the eight 
blocks (15 trials each) of the treatment period, Ss 
were given a 10-sec. rest period after each 30 trials. 
After Block 8 all Ss were given a review of the 
instructions indicating they would return to the 
basic procedure used in the first block of base-rate 
trials. All Ss were then given a block (15 trials) of 
Posttreatment trials, with no feedback but with SR. 
The session ended with a seven-item questionnaire 
asking for knowledge about the purpose of the ex- 
periment, awareness of the absence of stimuli, and 
awareness of the contingency between feedback and 


For the groups receiving feedback contingent on 
SR, E varied the positive and negative feedbacks 
randomly within the limits of a rule (e.g., 80% 
Positive after SR trials and 20% after non-SR trials 
or its complement, 80% non-SR—20% SR) That 
is, within a series of five trials followed by SR, E 
gave the positive and negative feedback at varying 
Positions in the sequence (using a programmed tally 
sheet), The same was done for non-SR trials. For 
negative feedbacks, E would spin a small wheel to 
randomly select one of the three words 5 had not 
used on a given trial. The only restriction on this 
latter procedure was that E was not to use the same 
Word more than three times in succession. If this 
occurred, she was to spin the wheel again until one 
ОГ the other words was indicated. 


RESULTS 


Before analyzing the arc-sine proportion 
SR per block of 15 trials for the main 
design (Pattern of Contingent Feedback 
X Base-Rate SR X Trial Blocks), a com- 
Parison was made for sex differences on 
this measure: ¢ (134) 21-21, Р > 20. Ex- 
amination of the postexperiment question- 
Naires revealed a total of eight Ss who 
Verbalized doubts about the actual occur- 
rence of stimuli in Channel 2 of the tachisto- 
Scope. Since there was no more than one 
Such S in any group, all eight were included 
1n the analyses. 

On the analysis of variance on į 
Proportion SR, all main effects and interac- 
tions were significant at the .01 level. Ad- 
justed / tests were used to make more Spe- 
Cific comparisons (р < .05). Because of the 
Significant Base Rate X Feedback авео 
interaction, F (6, 124) = 4.14, P < .01, feed- 
back effects were examined separately for 
the three base-rate categories. For the 


arc-sine 


171 


groups designated low (2—7 /15 during base- 
rate trials), the group receiving the con- 
tingent positive feedback pattern aimed 
at maximal increase in SR (80% after 
SR—20% non-SR) yielded an over-blocks 
frequency of SR not significantly lower than 
the 80-80 group and significantly higher 
than the 20-80 group. The 20-80 group was 
significantly higher than the 20-20 group. 
The final block means showed a similar 
pattern: 80-80=9.90/15, 80-20=8.70/15, 
20-80 = 6.75/15, 20-20 = 3.00/15. The four 
groups did not differ significantly during 
the base-rate trials. All groups except 20—20 
increased significantly from base rate to 
Block 10; 20-20 showed a significant 
decrease. 

At this point it is relevant to examine 
the separate comparisons made between 
the low 80-20 group and the yoked group 
which received equal frequencies of posi- 
tive feedbacks but randomly distributed 
without intentional contingency on SR. 
The resultant contingency varied widely 
from S to S and across blocks. The overall 
means were 50% positive feedback for SR 
and 58% positive feedback for non-SR. A 
1 test for paired measures (using the yoked 
Ss) on the total frequency of SRs over the 
10 blocks of trials was significant, ¢ (9) 
—2.82, р < .02 (two-tailed). Using an ad- 
justed ¢ test for multiple comparisons 
(p « .05), it was found that the two groups 
differed significantly on each of the blocks, 
4through 10. Neither group showed a sig- 
nificant reduction from Block 9 to 10, i.e., 
from end of feedback to postfeedback. The 
mean frequency of SR on the last block of 
15 trials was 10.20 for 80-20 contingent 
feedback (ie., the first 10 Ss in this con- 
dition) and 5.70 for the yoked random 
feedback group. 

For the groups designated zero (0-1/15 
base rate), the pattern found in the low 
groups for 80-20 vs. 20-80 was reversed. 
For these Ss, while the 80-20 contingency 
was significantly more effective than the 
20-20 feedback, it yielded significantly 
fewer SRs than the 20-80 contingency by 
the last two blocks of trials. The 20-80 
pattern was not as effective as 80-80; yet 
the former yielded SA rates significantly 
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higher than 80-20. The means for Block 10 
were .30/15 for 20-20, 1.05/15 for 80-20, 
1.95/15 for 20-80, and 8.25/15 for 80-80. 
The groups did not differ significantly dur- 
ing the base-rate trials. All groups except 
20—20 increased significantly from base rate 
to Block 10. 

In the groups designated high (8-15/15 
base rate), only the 20-20 feedback pattern 
was effective in significantly reducing SR 
from the base rate. The 80-80 contingency 
led to a significant increase over trials; 
80—20 and 20-80 led to no significant change. 
At Block 9 (last block of feedback), 20-20 
was significantly lower than the other three 
groups which did not differ significantly 
from one another. The high-base-rate 20-80 
group was the only one of the 12 to show 
a significant drop from Block 9 to the post- 
feedback block, so that at Block 10 the 
mean for 20-80 (7.80/15) was significantly 
lower than for 80-20 (10.95/15) and no 
longer significantly higher than 20-20. The 
means for 80-80 and 20-20 at Block 10 
were 12.00/15 and 6.00/15, respectively. 

In comparing effects of feedback patterns 
on SR rate, the 80-80 and 20—20 groups, 
with their strikingly different overall rate 
of positive feedbacks, serve as boundary 
conditions for the other comparisons. The 
critical differences for testing the effects of 
feedback contingent on SR were those in- 
volving 80-20 and 20-80 patterns. To 
evaluate the implications of these com- 
parisons, it was necessary to compare the 
two conditions for overall rate of positive 
feedback at each base-rate level. The 
analysis of variance on these data yielded 
a significant Feedback Pattern X Base Rate 
interaction, F (2, 62)=24.55, p < .01. 
Again using adjusted / tests (р < .05), one 
sees the differential pattern dependent on 
base rate. For the zero groups, the 20-80 
pattern yields significantly greater (over 
blocks) mean proportion of positive feed- 
backs than 80-20 (10.65/15 vs. 3.60/15). 
For the low groups, 20-80 (X —8.40/15) 
was higher than 80-20 (X —7.65/15), but 
not significantly so. Recall that for low- 
base-rate Ss a somewhat smaller overall 
mean proportion of positive feedbacks 

yielded a significantly greater increase in 
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SR rate for the 80-20 pattern, as compared 
to the 20-80 pattern. For the high groups, 
the 80-20 pattern yielded significantly 
higher overall mean proportion of positive 
feedbacks (9.30/15) than 20-80 (6.15/15). 
This difference was reflected in a corre- 
sponding difference in SR rates only at the 
postfeedback trial block. 

Analyses of the two decision times yielded 
consistently significant effects due to base 
rate, but none related to feedback pattern. 
For time both to select a word response and 
to decide on SR, the high-base-rate Ss 
reacted significantly faster than either the 
low or zero groups, which did not differ 
significantly from each other; for response- 
time base-rate effect, F (2, 124)=5.42, 
p < .01; for SR-time base-rate effect, F 
(2, 124) =4.06, p < .05. 


DISCUSSION 


The results of the present study demonstrate 
first that total frequency of positive external 
feedback can be less critical in changing rate 
of SR than the explicit contingency of feedback 
on the occurrence of SR, and second that the 
relative effects of total positive feedback and 
contingent feedback are dependent on S's base- 
rate level of SR. 

One can examine the effect of external feed- 
back on SR by separating the two parts of the 
contingent response: SR and non-SR. In the 
group with low-base-rate SR, 80% reinforce- 
ment for SR produced as high an increase as 
did 80% SR plus 80% non-SR. It should be 
noted that the groups seemed to have reached 
an asymptotic level of SR, with no significant 
change after the first 75 trials. Thus, while 
reinforcement for non-SR does not offset re- 
inforcement for SR (as would be expected in 
other two-choice tasks), S also does not seem 
to generalize completely the reinforcement of 
non-SR, as if it were affecting a general cogni- 
tive response such as, "I can do this task very 
well" On the other hand, the 20-80 group 
showed a greater rate of SR than the 20-20 
group, indicating some nonspecific effect of 
the external reinforcement. The yoked random 
feedback group adds to this analysis only in 
pointing up the fact that contingent feedback 
does contribute to SR level beyond the con- 
tribution of overall percentage positive feed- 
back. While the random group's 50-58 mean 
feedback rate yielded a higher final level SR 
than the 20-20 condition, this result does not; 
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of course, differentiate further between the 
effect of reinforcing SR and non-SR. Within 
these low-base-rate groups, a formula which 
gives about double weight for feedback of SR 
over feedback for non-SR seems to account for 
the ordering of the resultant levels of SR. 

In contrast to the low groups, the zero 
groups showed a much greater weight given 
to reinforcement of non-SR, with the 20-80 
group evidencing higher final levels than the 
80-20 group. The final levels of the four 
groups were ordered in the same sequence as 
the overall percentage of positive feedback 
given the groups. However, the relative con- 
tribution of reinforcement for SR and non-SR 
varied. For example, while the 20-20 and 
80-20 groups received approximately equal 
Overall percentages of positive feedback (20% 
vs. 24%), the latter evidenced over three 
times the final level of SR as the former. 
Similarly, the relatively small increase in over- 
all percentage from the 20-80 condition to 
80-80 (71% vs. 80%) yielded four times the 
final level of SR. Therefore, it seems that with 
the zero groups, as well as the low groups, 
Teinforcement for non-SR is not discounted by 

; but is given less weight than reinforcement 
of SR, 

If one looks at the last block of trials, the 

igh groups provide some information on the 
relative effects of reinforcing SR and non-SR. 

he 20-80 group showed the predicted greater 
drop in SR than the 80-20 only at Block 10, 
with 80-80 and 20-20 again providing the two 

Oundaries. However, overall percentages of 
Positive feedback also decreased in the same 
Order (80% for 80-80, 62% for 80-20, 41% 
for 20-80, and 20% for 20-20). 
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In summary, it appears that both reinforce- 
ment of SR and non-SR contribute to change 
in SR, but that differential reinforcement of SR 
is effective (though differential reinforcement 
of non-SR in the high group was not clearly 
demonstrated). While the evidence of a dif- 
ferential effect of contingent reinforcement in- 
dicates that SR can be handled much as any 
other response, the evidence of an apparently 
paradoxical effect of reinforcing non-SR in Ss 
with low- or zero-SR base rate indicates that 
the two self-evaluative responses cannot be 
completely handled as a general two-choice 
task. It would seem that a parsimonious ex- 
planation would have to include a mediating 
response (e.g., ‘I’m doing well on this task"), 
the strength of which does not completely 
parallel the strength of the two overt responses 
(SR and non-SR). 
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VERBAL TESTS OF SPATIAL CONCEPTUALIZATION! 


LAWRENCE C. HARTLAGE? 


Goodwill Industries, Indianapolis, Indiana 


Spatial conceptualization in blind and sighted Ss was measured from ages 7 


through 18. 


Blind children without other impairment were matched with’ 


sighted children for age, sex, and estimated intellectual ability. There was a 


total of 100 blind and sighted Ss from 5 age levels. 


With control for ordering 


ability, the sighted Ss performed significantly better than blind Ss on spatial 


concepts at all grade levels. 
the development of spatial ability. 


The role of vision in the development of 
spatial ability has been seen as crucial by 
a number of investigators (Hebb, 1949; 
Riesen, 1958; Senden, 1960). Others have 
concluded that, on the basis of research 
results available, vision is of undemon- 
strated importance for the attainment of 
spatial ability (Lyons, 1965; Wertheimer, 
1951). A considerable body of work has 
dealt with the restriction of visual input for 
infrahuman species (Fiske, 1961; Krech, 
1965; Solomon, 1961; Yarrow, 1963), but 
scarcely any work has manipulated this 
condition with humans. Although such a 
deprivation technique would be likely to 
produce some interesting results, this is a 
technique which is typically outside the 
realm of independent variables available to 
the researcher. The use of the adventiti- 
ously blind for this purpose represents one 
available approach. 

The present study was initiated in an 
attempt to determine to what extent the 
ability to deal with spatial questions is de- 
pendent on having been exposed to visual 
stimulation. In light of the suggestive 
work with animals mentioned earlier, it 
seemed likely that spatial ability would 
be dependent on some visual experience. 
Three predictions were tested: (a) blind 
Ss would do less well than sighted Ss on 
ordering questions involving spatial rela- 
tionships, (b) blind Ss would do more 
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It was concluded that vision may be crucial in 


poorly on spatial relationship ordering 
questions than on similar ordering ques- 
tions not involving spatial relationships, 
and (c) blind Ss would not differ from 
sighted Ss on ordering questions not in- 
volving spatial relationships. 


METHOD 


Experimental materials. —An ordering test of syl- 
logisms involving 16 space and 16 nonspace ques- 
tions (Hartlage, 1967) was recorded onto magnetic 
tape. Space questions involved positional referents 
including in front of, in back of, on right and left 
sides of, and above and below. Nonspace questions 
involved comparisons of personal characteristics, in- 
cluding smarter and not as smart; friendlier and not 
as friendly ; and braver and not as brave. An example 
of a space question was “John is in front of Mary- 
Mary is in front of Bill. Bill is in front of John——, 
in back of John —, can't say. .” An example of 
a nonspace question was “John is smarter than 
Mary. Mary is smarter than Bill. Bill is smarter than 
John__, not as smart as John... can't say——— 
All questions followed essentially this same format, 
with all sentences worded identically except for the 
Space-nonspace content. The sequence of space an 
nonspace questions on the tape was randomized, 45 
were the answer positions for correct responses. 
Overall playing time for the tape was 19} min. 
Answers were recorded onto Braille dot sheets. 
For the sighted Ss, Arabic numbers in pencil wert 
superimposed on the Braille numbers. 

Subjects—Ten blind Ss each from Grades 2, 3, 5, 
7, and 12 were matched with sighted counterparts 
from a comparable grade on age, sex, and achieve- 
ment testscores. Elementary grade Ss were matche 
on the Stanford Achievement Test (Kelley, Madden, 
Gardner, & Rudman, 1966), using those sections 
dealing with word meaning. Appropriate forms 
were used for the various grade levels. The 58!!! 
Grade 12 were matched on the California Test ° 
Mental Maturity (Sullivan, Clark, & Tiegs, 1963). 
Originally, 128 sighted Ss were tested оп the achiev" 
ment tests, until it was possible to match each of fug 
50 blind Ss with a sighted 5 on all matching varia 
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bles. All Ss were from schools for the blind and 
public schools, respectively, in Kentucky and 
Tennessee. 

Procedure.— The Ss were all tested at their desks. 
The use of the answer sheets was explained to all 
Ss, and when all understood how to mark their 
answers, the recorded ordering test was played to 
them. After each question, time was allowed for 
answers to be marked. Assistants circulated among 

5 making sure they were marking answers properly. 

е same procedure was followed for the achieve- 
ment test. Reliability was computed on an odd- 
€ven basis. Separate reliabilities for the space and 
Nonspace halves of the test were computed by 
Matching the first 8 space questions with the second 

ànd the first 8 nonspace questions with the second 
Wi Analysis of variance employed the Model II 

iner (1962, pp. 337-343) design for factorial ex- 
| Periments with repeated measures. 


RESULTS 


Split-half reliability of the overall test 
or all Ss, when corrected by the Spear- 
Man-Brown prophecy formula, was .617, 
р < .005. The individual corrected reli- 
abilities of the space and nonspace halves 
of the test for all Ss were .836 and .793, 
espectively, Corrected reliabilities for 
Sbace and nonspace halves of the test by 
blind Ss were .864 and .883; and by sighted 
5 were .797 and .707, respectively. These 
reliability coefficients are all significant 
yond the .05 level. 

Analysis of variance of number à 
di responses indicated significant main 
cts due to grade levels, F (4, 90) —10.67, 
^ .005; and space VS. nonspace ques- 
а F (1, 90) = 5.99, р < .05. The inter- 
tea which bore directly on the blind- 
ip ted space-nonspace variables produced 
ie largest F ratio of the analysis, F (1, 90) 
б, p < .005. There was no difference 
oy een blind and sighted Ss’ performance 
stall, but this is not surprising since 


Ores recorded for this effect included both 


Sp; 1 
fo Се and nonspace questions. Tn in 


буе Correlated groups were compute 
Space blind and sighted group means on 
a and nonspace questions answered 
Sy cty, and between blind and sighted 
own performance on space and nonspace 
b “stions, Sighted Ss were significantly 
s ter than blind Ss in their handling of 
(Ate questions, | (49)—4.94, р < 005; 
d blind Ss handled nonspace better than 


s of cor- 


ti 
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Fie. 1. 
Ss on space and nonspace questions. 


space questions, £ (49) 25.183, p < .005. 
Sighted Ss did not differ significantly in 
their performance on space and nonspace 
questions, nor did blind Ss differ from 
sighted Ss on nonspace questions. 


DISCUSSION 


The data support the predictions. Blind Ss 
were significantly poorer than sighted Ss on 
space questions. The performance of blind Ss 
on ordering questions involving spatial rela- 
tionships was poorer than their performance 
on ordering questions not involving spatial 
relationships, suggesting that differences are 
due to differential facility with spatial concepts 
rather than differential ordering abilities. 

It appears that, for the population investi- 
gated in this study, the presence or absence of 
vision is a critical factor in the ability to deal 
with questions involving space. Since the blind 
Ss did not differ from matched sighted Ss on 
questions not involving space, it may be argued 
that deprivation of visual stimulation is more 
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specific for spatial ability than for ordering 
ability. This is further supported by the fact 
that blind Ss were consistently poorer in their 
handling of spatial than in handling of non- 
spatial questions. Generally, results of the 
study suggest that relational judgment may be 
specific to experience with the specific domain. 
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INDUCTION IN DIFFERENTIAL 


INSTRUMENTAL CONDITIONING ! 


JAMES R. ISON? AND RICHARD V. KRANE 


Universit: 


у of Rochester 


In Exp. I thirsty rats (л = 47) received 12, 30, 66, or 150 differential instru- 
mental conditioning trials followed by extinction on S+ alone (control groups) 
or on S+ interspersed with trials to S— (induction groups), at a 5-15 min. 


intertrial interval. 


In Exp. П rats (т = 20) were run under conditions 


identical to those of the 66-trial groups in Exp. I except that extinction was 


given at a 30-sec. intertrial interval. 


In acquisition the observations were 


contrary to those expected if induction were present, and in extinction, induc- 


tion occurred only under the massed conditions of Exp. II. 


These findings 


limit the empirical generality and theoretical significance of induction processes 


in discrimination learning. 


The conditioning-extinction model for instrumen- 
tal discrimination learning specifies that nonrein- 
forced responding to the negative discriminandum 
(S— ) leads to inhibition and, through generaliza- 
tion, to a decrement in the response to S+. А 
recent demonstration by Senf and Miller (1967) 
of positive induction in discrimination learning may 
demand serious modification of this theory. Follow- 
ing differential instrumental conditioning with rein- 
forcement for an approach to one stimulus (S+ ) 
and nonreinforcement for an approach toa second 
(S— ), the approach to 5+ was extinguished either 
in a series of consecutive nonreinforcements to S+ 
or in a series of alternated trials to S+ and S—. 
The alternated group extinguished тоге slowly, 

emonstrating that presentations of S— increased 
response strength to the old S+. - 

À critical consideration in evaluating the signifi- 
cance of this demonstration for the discrimination 
model is the boundary conditions under which it 
Occurs, In Pavlovian work positive induction was 
Clearly time-dependent, restricted to unusually short 
intertrial intervals (Pavlov, 1927, рр. 188-203). 
"urther, examples of negative induction depended 
9n the stage of training prior to the test, apparently 
first increasing then decreasing with continued 
training. 

The first experiment 
Positive induction following 
Acquisition trials (12-150) at 
Mterval. 

Experiment I: Method.—The Ss were 47 male 
albino rats obtained from the Holtzman Company, 

adison, Wisconsin at 100 days of age. They 
ranged in weight from 290 to 310 gm. at the start 
ОЁ the experiment. The differential conditioning 
box consisted of two parallel alleys (each 36 X AX i 
in.), one channel off-white and one black, to each o 
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which a single gray start box could be attached. 
Each section was covered with frosted Plexiglas. 
Photocells, attached to the side-action retrace door 
and 12 and 24 in. down each alley, were connected 
to two Hunter clocks which permitted measurements 
of start and run speeds. At the end of each alley 
was an aluminum cup, empty in S— and filled 
with .2 cc of water in S+. 

Beginning 7 days before training the animals were 
placed on a 23-hr. water deprivation schedule with 
food ad lib; water was made available for a 1-hr. 
period beginning about 10 min. after the daily 
treatment. During the pretraining period, animals 
were handled in groups of six for 15 min. each day. 
The Ss were randomly assigned to one of four main 
groups differing in number of acquisition trials 
prior to extinction: 12, 30, 66, or 150 trials, half to 
each stimulus. Within each group half of the Ss 
were reinforced in the black alley (S+ ) and not in 
the white (S— ), while the other half received the 
reverse. On the first day of acquisition training 2 
trials were run, on the second day 4 trials, and 
thereafter 6 trials per day. Two patterns of rein- 
forced and nonreinforced trials were used, either 
== ЕЕ Е eS = +. The animals 
were run in squads of six with an intertrial interval 
of 10 min. 

Following acquisition training half of the Ss in 
each of the four main groups were given 18 con- 
secutive nonreinforced trials to the former positive 
stimulus (S+ — ) at a rate of 3 per day for 6 days. 
The remaining half of each group, these Ss con- 
stituting the experimental induction groups, received 
18 nonreinforced trials to S4- — interspersed with 18 
trials to the negative stimulus (S— — ) in the same 
presentation pattern as inacquisition. The intertrial 
interval was shifted to 5 min. for the induction 
groups, and the control groups received S+ at the 
temporal interval specified by the pattern given to 
the induction groups. 

Results —Figure 1 depicts start and run speeds to 
the former positive stimulus (S+ — )and the former 
negative stimulus (S— — ) on the terminal day of 
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Fic.1. Start and run speeds to the former S+ and the former 5 
for the induction groups receiving both stimuli in extinction (. 


acquisition and throughout extinction. These data 
were subjected to a variety of analyses of variance 
in which days (D) and stimuli (S) were within-S 
dimensions and acquisition training (AT) and 
stimulus presentation (SP; i.e., induction vs. control 
conditions) were between-S dimensions. 
Considering first the rate of extinction to S+ —, 
there was no evidence for induction in any pair of 
groups; the response in groups given both stimuli 
extinguished at rates virtually identical to those in 
groups given only S+ — (all effects involving SP 
yielded Е < 1). Nor did total response strength in 
extinction depend on the number of prior acquisition 
trials (р > .20), although the rate of extinction of 
running speed was greater with increased training; 
for the AT X D interaction, F (15, 190) =2.35, 
b < .01. On the last day of acquisition both start 
and running speeds to S+ were greater with in- 
creased AT, but start speeds to S— first increased 
then decreased with increased AT (р «.01) The 
similar pattern in running speeds to S— was not 
significant, F (3, 40) = 2.24, р < .10. 
During acquisition a positive induction effect on 
S+ would be exhibited if speeds on S+ |S— se- 
quences were greater than those on S+|S+ 
sequences. Similarly a negative induction effect on 
S— demands S—|S+ to be less than S-|S-. 
In direct contrast to these potential effects in early 
acquisition, speeds to either stimulus were greater 
if preceded by S+ than if preceded by S—, this 
difference dropping out by the end of acquisition. 
Over Days 1 and 2 the effect of the preceding trial 
was significant only on start speed to S—, F(1,42) 
= 6.04, p < .05; over Days 3-5 it was significant on 
both measures to both stimuli, 38.11 < F (1, 31) 
< 13.12, p < .01; over Days 6-11 it was significant 
only on speeds to 5+, F (1, 20) = 10.78 (start) 
and 18.30 (run), $ < .01. 


? In these analyses scores were estimated at the cell mean for 
фе Sand degrees of freedom were adjusted accordingly. 


— оп the terminal acquisition day and the 6 days of extinction 
2S) and the control groups receiving only trials to S+ (1S). 


In initial acquisition, speeds to S— were greater 
than speeds to S+ under preceding conditions"of 
either S+ or S— presentation. Difference scores 
between S+ and S— speeds under each condition 
of stimulus precedence were analyzed by £ tests. 
Over Days 1 and 2 these yielded ¢ (46) = 3.42, 
b «.01 (for S+|S+ vs. S—|S+); and ¢(46) 
= 2.89, p < .01 (for S+|S— vs. S—|S— ); over 
Days 3-5 respective values were £ (34) = 2.81 and 
2.58, p < .01. 

Thus these data exhibit no evidence for the oc- 
currence of induction in extinction. Further, the 
acquisition data demonstrate both the inhibiting 
effect of S— and the excitatory effect of 5+ on 
following trials, which conforms to the conditioning- 
extinction model. The second experiment was run 
to ensure that the spaced intertrial interval and not 
Some peculiarity of the particular method was re- 
sponsible for the failure to obtain induction in 
extinction. 

Experiment II: Method—The Ss were 20 rats 
from the same population used previously. Their 
treatment was identical to that received by the 
groups given 66 acquisition trials in Exp. I until 
the onset of extinction, which was given in 2 rather 
than 6 days. On the first extinction day 10 Ss re- 
ceived 9 massed trials (30 sec. apart) to the former 
S+ and 10 received 18 massed trials, half to the 
former S+ and half to S—. In these latter 5s 
the trial sequence was the same as that used for the 
induction groups in Exp. I. Day 2 of extinction was 
exactly the same as Day 1 except that 5 Ss within 
each of the subdivisions used on Day 1 were switched 
to the other condition. (Day 1 conditions had no 
effect on Day 2 performance and this manipulation 
is ignored in the treatment of the results.) 

Results.—In Ss receiving both stimuli in extinc- 
tion, trials to the former S+ which followed trials 
to the former S— (on each day Trials 2 or 3; 43 
5 or 6; 7; 8 or 9) were analyzed separately from those 
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Which followed trials to the former S+ (Trials 3 
Or 256 of 5; 9 or 8). Figure 2 depicts mean start and 


Tin Speeds for each of these sequences against 
the Comparable trial numbers in the control Ss 
Which received presentations of the former S4- 
ey; Column A gives the S+|S— он чип 
i 9lumn B the S+|S+ sequences. As is eyi ent 
п Column A, the induction condition led to d 
tinction speeds beginning at about the foure 
“currence of an 5415 – sequence (which was the 
Sventh extinction trial to S+ ), continuing there- 
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after through the second extinction day. Analyses 
performed on Column A start speeds of Day 2 
indicated that these differences were reliable, 
F(1,18) = 21.07, р < .001. Run speed differences 
in Column A and both start and run differences in 
Column B were not reliable (р > .20). Within the 
induction condition, speeds to the former S+ were 
greater on trials which followed an S— than on 
trials which followed an S+ for the start measure, 
Е (1, 9) = 16.71, р < .005, but not for the run 
measure (F < 1). 

Thus these data provide two sources of evidence 
for positive induction: First, within S, speeds to the 
former S+ were greater if the preceding trial was 
to the former S— rather than to the former S+; 
and second, between S, speeds to the former S+ 
were greater in Ss receiving interspersed presenta- 
tions of S—. 

Discussion.—lf induction effects were generally 
obtained in discrimination learning and extinction, 
their presence would demand profound alteration 
in the conditioning-extinction model. Further, at 
an empirical level it may be that many observa- 
tions—such as the more rapid extinction to the 
former S+ in single stimulus extinction rather than 
in reversal learning (Pennes & Ison, 1967) or the 
overlearning-reversal effect in differential condition- 
ing (Birch, Ison, & Sperling, 1960)—were deter- 
mined by differences in the strength of induction. 
But the present set of data severely limit the empiri- 
cal generality and theoretical significance of induc- 
tion for it is evident that it does not occur given 
moderate trial spacing. Further work on this pro- 
cess might be focused not on the relevance of induc- 
tion for discrimination learning theory, but on its 
implications for extinction processes which occur at 
short as opposed to long intertrial intervals. 
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IS INSTRUMENTAL RESPONDING NECESSARY FOR NONREWARD 
FOLLOWING REWARD TO BE FRUSTRATING?! 


HELEN BOHMER DALY? 


Syracuse University 


Following 60 reinforced placement trials (6/day), an experimental group was 
given 12 nonreinforced placement trials (6/day) paired with a light (CS), 
followed by hurdle-jump training to escape the cues paired with nonreward. 
The hurdle-jump response was learned, and performance reached a level well 
above a control group which received zero pellets throughout the experiment. 
This result was taken to indicate that conditioning of reward expectancy and 
of frustration resulting from subsequent nonreward can occur independent of 


a prior instrumental response. 


Nonreward in the presence of stimuli previously 
signaling reward is the procedure used to produce 
frustration, a response with aversive motivational 
properties (Amsel, 1958). Although there is little 
available data, frustration should occur whether or 
not reinforcement had been response-contingent. It 
was the purpose of the present experiment to deter- 
mine if Ss, given a series of reinforced placements 
(no instrumental response required to obtain food) 
followed by nonreinforced placements, would sub- 
sequently learn a hurdle-jump response to escape 
the cues paired with nonreward. 

Method.—Male hooded rats (N = 32) from the 
colony maintained at Syracuse University, between 
106-117 days old, weighing 375-405 gm. prior to 
deprivation, were fed Purina Lab Chow for 1 hr. per 
day. The hurdle-jump apparatus consisted of a 
white start box and a gray goal box, separated by a 
door which rested on a 1}-in.-high hurdle. Eight 
days following the beginning of the deprivation 
schedule, Ss were taken one at a time to the experi- 
mental room and were allowed to explore the goal 
box of the hurdle-jump apparatus for 7 min. They 
were then put into an unpainted neutral box and 
given either 15 or 0 pellets in a white food cup. The 
following day all Ss received 2 trials, 4 trials the 
next day, and 6 trials per day thereafter, for a total 
of 60 trials (Phase 1). A trial consisted of placing 
S into the start box, directly over a food cup which 
contained either 15 (Group 15-0 CS) or 0 (Group 
0-0 CS) pellets (P. J. Noyes Co., 37 mg., Formula A). 
The Ss were returned to retaining cages (water 
available) either 10 sec. after the pellets were eaten 
or 10 sec. after being placed into the start box 
(Group 0-0 CS). 

During Phase 2, both the experimental and control 
groups were given 12 zero-pellet placement trials 
(6/day), and a CS (a light which raised the illumina- 

1 This research was accomplished during the author's tenure 
as a National Institute of Mental Health Postdoctoral Fellow 
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tion in the start box from approximately 5 to 20 ftc.) 
came on as S was placed into the start box, just 
prior to visual exposure to the empty food cup 
(frustration conditioning trials for Group 15-0 CS)- 
On each of the next 2 days (Phase 3), all Ss were 
given hurdle-jump training (15 trials/day). Ten 
seconds after S was placed into the start box, the 
CS came on as the door was raised. After jumping 
the hurdle, S remained in the gray goal box for 
10 sec. and was then removed to the retaining cage: 
Time from raising of the door to depression of the 
hinged goal-box floor was measured in .01 sec. 

S did not jump within 60 sec., it was removed from 
the start box, and a latency of 60 sec. was recorded. 
All other aspects of the apparatus and procedure 
were identical to those previously reported (Daly: 
1969). 

The Ss were run in squads of eight (four from each 
group) with an intertrial interval of 7-8 min. during 
Phases 1 and 2 and an average of 5-8 min. during 
Phase 3. 

Results.—Mean speed (1/sec) of hurdle jumping 
per blocks of three trials is presented in Fig. 1. 
is clear that Group 15-0 CS showed acquisition 0 
the hurdle-jump response on the first day of hurdle- 
jump training, to a point well above Group 0- 
CS, and on the second day showed extinction of the 
response to the level of the control group. Analyses 
of variance (2 X trial blocks) indicated a significant 
groups effect, F (1,30) = 23.52 and 13.60, < .001: 
trial blocks effect, F (4, 120) — 21.65 and 13.90, 
Ф < 001; and Groups X Trial Blocks interaction 
Е (4, 120) = 13.74 and 4.40, р < .005, for the first 
and second day of hurdle-jump training, respectively: 
Although there were no weight differences between 
groups prior to experimentation, p > .20, Group 15.0 
CS weighed significantly more than Group 0-0 CS, 
b < 01, at the end of Phase 1 (84.7% vs. 83.1% ad-lib 
body weight), but not at the end of Phase 3, P > 20. 

Discussion.—Direct placement procedures have 
been used to produce latent extinction effects (€ 
Dyal, 1962) and latent shift effects (e.g., Trapold ^* 
Bell, 1964) and to influence partial reinforceme? 
extinction effects (e.g, Trapold & Doren, 1 d 
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The results of these experiments have lent support 
to the view that the classical conditioning of both 
reward expectancies and of frustration to apparatus 
cues can occur independent of the occurrence of a 
prior instrumental response (Trapold & Bell, 1964). 
The results of the present experiment provide 
additional evidence that the occurrence of a requir 

instrumental response is not necessary for the 
acquisition of either classically conditioned response: 
Ss given reinforced placements followed by non- 
reinforced placements clearly learned the hurdle- 
jump response to escape the cues paired with non- 
reward. Presumably, the cues of the start box 
elicited an expectancy of reward (гъ) аз а 
result of the 60 rewarded placements, and non- 


reward in the presence of these stimuli produced a 
Primary motivational response, frustration (Rr). 
CS (light) and the 


By being paired with the discrete 
apparatus cues, the frustration response became 
conditioned to them. Reduction in conditioned 
frustration (rr-si, and possibly also Rr) following 
escape from the frustration-arousing cues provided 
reinforcement for the hurdle-jump response, These 
results are similar to those obtained in a study where 
reinforcement had been response-contingent, and the 
theoretical analyses are similar in both cases (see 
Daly, 1969). 
question rais 
study (Daly, 1969), in whi 
training prior to hurdle 
Írustrated Ss jumped the hu i 
explanation is that the running respons simply 
generalized to the hurdle-jump response. However, 
comparisons between Groups 0-0 CS in the previous 


ed by the response-contingent 
ch Ss were given runway 
jumping, is why non- 
rdle. One possible 


Mean speed of hurdle jumping per blocks of 3 trials, for the first 
and second day of hurdle-jump training (15 trials/day). 


and in the present study showed that both groups 
reached the same level of responding and were 
similar throughout training. Apparently, there is 
little generalization between the running and jump- 
ing response. It is still not clear why these Ss jump 
the hurdle, but whatever reinforcement leads to 
acquisition of a running response to zero pellets 
(Daly, 1969) very possibly is also involved in the 
hurdle-jump situation. 

In previous runway experiments (Daly, 1969), 
groups receiving 15 or 0 pellets have not shown 
weight differences at the end of runway acquisition. 
With the direct placement procedure, those Ss 
receiving 15 pellets did not lose as much weight as 
those which received 0 pellets. This could be a 
chance event. However, the heavier Ss, presumably 
under less hunger drive, jumped the hurdle faster 
than the lighter Ss, and thus the difference in 
performance cannot be attributable to the weight 


difference. 
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TRANSFER OF INTEGRATION OF STIMULUS AND RESPONSE 
TERMS AND BACKWARD AND FORWARD ASSOCIATIONS} 


M. J. HOMZIE? anp MARJORIE KREBS? 


University of Virginia 


One hundred and twenty Ss served in a transfer experiment designed to extend 
the findings of Homzie, Hardacre, and Weimer (1967) and to test implications 
derived from the two-phase conception of paired-associate verballearning. On 
the first task Ss had an opportunity to integrate the stimulus terms and/or the 
response terms, form either backward or forward associations, or some combi- 
nation of these factors which were appropriate for the subsequent transfer 
task. The transfer results indicated that previously learned backward associ- 
ations were not as effective as prior forward associations. The first- and second- 
list findings were consistent with the two-phase conception. 


Recently a transfer study (Homzie, Hardacre, & 
Weimer, 1967) designed to test implications derived 
from the two-phase conception of paired-associate 
(PA) learning allowed Ss on the initial task to inte- 
grate the stimulus and/or the response terms and 
form associations in a manner that was appropriate 
for the second task. The two-phase conception gave 
a good approximation of the first- and second-list 
performance. The derivations from this conception, 
however, were such that the groups predicted to 
perform the worst on the first task were expected to 
be the best on the transfer task. In that the pre- 
dictions for the initial list were accurate, the effects 
of overlearning of the easy items, learning to learn, 
and warm-up tended to produce the expected results 
for the subsequent transfer task. One purpose of 
the present experiment was to further test implica- 
tions from the two-phase conception with a pro- 
cedure similar to that of Homzie et al. (1967). The 
experimental design was such that the expected 
first-list performance differences would not tend to 
produce results consistent with the derivations con- 
cerning second-list performance. A further purpose 
was to compare the relative effectiveness of prior 
backward associations and prior forward associations 
on transfer performance (cf. Ekstrand, 1966) and 
to compare all possible combinations of stimulus 
term and response term integration. 

Applying the two-phase conception of PA learning 
to the transfer data, stimulus integration was ex- 
pected to be a less potent factor than response inte- 
gration since the stimulus member is always pre- 
sented on the memory drum. In addition, the 

assumption of associative symmetry (cf. Asch & 
Ebenholtz, 1962) leads to the prediction that prior 
backward associations would be just as effective as 
prior forward associations. Finally, it was expected 
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that the effects of all three factors (stimulus integra- 
tion, response integration, and associative connec- 
tion) would combine to determine the second-list 
performance (cf. Homzie et al., 1967). 

Method.—The Ss were 120 experimentally naive 
male undergraduates enrolled in introductory psy- 
chology classes at the University of Virginia. The 
Ss were randomly assigned to one of six experimental 
conditions in order of their appearance at the 
laboratory. The six conditions differed from each 
other by nature of the first list; all Ss in every condi- 
tion learned the same second list (List 2) as the 
transfer task. 

Table 1 shows the verbal materials used for the 
first task and the common transfer task for the six 
groups. The first column presents the first list for 
the stimulus integration (SI) group. Looking at 
the first two verbal units, I was paired with JH and Y 
was paired with JH. The transfer task (List 2) in- 
volved the learning of IY-JH. Therefore оп the 
transfer list the main task of Ss in Group SI was to 
integrate the stimulus units (or use one element as 
the functional stimulus), since they already had 
formed some appropriate associative connections and 
some of the response terms were already integrated. 
The stimulus integration backward (SIB) group 
learned 1 to ун and v to ун. Thus the SIB group on 
the transfer task had to integrate the stimulus terms 
(or use one element as the functional stimulus); this 
group had previously formed backward associative 
Connections. The next group, response integration 
(RI), initially learned J to 1v and н toly. Therefore 
in the transfer task Ss had to integrate the response 
terms. The response integration backward (RIB) 
task was identical to the RI task except that the 
first-list associations formed were backward relative 
to the transfer list. The stimulus and response 
integration (SRI) group had the appropriate associ- 
ative connections from the first list, but in this case 
Ss had to integrate both the stimulus and response 
terms in order to master the transfer task. The 
stimulus and response integration backward (SRIB) 
list was identical to the SRI list except that, like 
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Groups SIB and RIB, the associations formed during 
first-list learning were backward relative to the 
subsequent transfer task. It should be noted that 
the groups are not designated in terms of first-list 
manipulations, but in terms of the main factor 5 
needed to accomplish on the transfer task. Thus, 
e.g., Ss in Group RI during first-list learning had an 
opportunity to become familiar with the second-list 
stimulus terms and to form appropriate forward 
associations with the individual elements of the 
transfer-task response terms. The major task for 
this group on the transfer list was to integrate the 
elements of the response terms. 

The transfer task consisted of 12 bigrams which 
were paired to form six PAs. Each pair was pre- 
sented twice in the 12-item list. The average fre- 
quency of occurrence in running text and the mean 
generated bigram frequency of the stimulus and 
response members were equated using the tables 
provided in Underwood and Schulz (1960). 

The Ss were given standard instructions for PA 
learning by the recall method. The verbal units 
were presented on a Stowe memory drum at a 1.5- 
sec. rate, and Ss were given 1.5 sec. to respond on 
the test trials. Four different random orders were 
used for the items in each list in order to prevent 
Serial learning of the responses. First-list learning 
was terminated after 5 had reached the acquisition 
criterion of 8/12 correct. In addition, Ss in Groups 
RI and SIB had to give six different correct re- 
sponses. This was to insure that these Ss were 
learning both elements of the response rather than 
learning a single response and giving it twice during 
the first-list test trials. The Ss in these two groups 
had little, if any, difficulty in understanding the in- 
structions and in completing their initial tasks. On 
Meeting the criterion for the first task, 5 then learned 
the transfer list until he had correctly responded to 
the entire list, i.e., one errorless trial. 

Results and discussion.—Al groups had 12 sepa- 
rate associations to learn on the initial task, but the 
groups differed in the size of the response units that 
had to be integrated. Thus the two-phase concep- 
tion leads to the implication that Groups SIB, RI, 
SRI, and SRIB should be equivalent to each other 
size of response unit = 1) and superior to Groups 
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SI and RIB which also should be equal to each other 
(size of response unit = 2). A one-way analysis of 
variance was run on the total number of errors (i.e., 
both covert and overt) each S made in attaining the 
first-list acquisition criterion and resulted in an 
Е (5, 114) = 10.9, р < .01. Groups SIB, RI, SRI 

and SRIB committed an average of 14.2, 20.0, 16.3, 
and 23.9 errors, respectively, whereas Groups SI 
and RIB made 37.1 and 30.1 errors, respectively. 
The Tukey procedure which maintains a constant 
critical value for comparison of group means was 
used and resulted in a significant difference (p < .05) 

between the four groups with one-unit response 
terms and the two groups with two-unit response 

terms. There were no statistically significant dif- 

ferences among the one-unit response groups nor 

between the two-unit response groups. Similar 

results were obtained when the trials-to-criterion 

data were analyzed. The first-list findings are con- 

sistent with those of Homzie et al. (1967) and are in 

agreement with the two-phase conception. 

A one-way analysis of variance was run on the 
total number of errors (i.e., both covert and overt) 
each S made in mastering the transfer task and re- 
sulted in an F (5, 114) = 9.4, р < .01. Once again 
the trials-to-criterion data did not differ from the 
error data; consequently these results are not re- 
ported. The Tukey procedure was used to analyze 
group differences in mean numbers of errors and 
resulted in [SI (2.10) < SIB (6.85)] < [RI (6.80) 
< RIB (11.85)] < [SRI (12.30) < SRIB (15.65)]. 
The numbers within the parentheses refer to the 
mean numbers of errors committed by the groups. 
In each and every case, the performance of the back- 
ward association group was poorer than its com- 
parable forward group. Turning to the difference 
in second-list performance between Groups SI and 
SIB, recall that both groups had an opportunity 
during first-list learning to integrate and become 
familiar with the transfer-task response terms. 
During first-list learning, however, these units were 
presented on the stimulus side for Group SIB. 
These Ss could have engaged in stimulus selection, 
or at the very least did not need to learn these 
bigrams as well as Ss in Group SI in order to reach 
the initial task acquisition criterion. Therefore, in 
that Ss in Group SI most likely transferred more 
response learning to the second task, it is not sur- 
prising they performed better and that associative 
symmetry was not found. With the other two 
comparisons (i.e., RI and RIB; SRI and SRIB) the 
failure to obtain associative symmetry cannot be 
explained in terms of availability of the first-list 
stimulus terms. Indeed, it should be noted that on 
the first list, Groups SRI and SRIB were presented 
with single letters as stimulus and response terms, a 
procedure which would seem to ensure equal stimulus 
and response term availability (cf. Ekstrand, 1966). 
Other experiments (Battig & Koppenaal, 1965; 
Schild & Battig, 1966) which have controlled for the 
availability of the stimulus and response members 
have also failed to demonstrate symmetry. These 
results, however, are contrary to those of Homzie 
et al. (1967). These authors, using the anticipation 
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method of learning PAs, report no difference in trans- 
fer performance between Groups SRI and SRIB. | 

Finally, collapsing over directionality of associ- 
ative connection, the present findings are in agree- 
ment with the two-phase conception. The Ss having 
previously integrated the response terms (i.e., 
Groups SI and SIB) performed best on the transfer 
task, those having familiarization with the stimulus 
members (i.e., Groups RI and RIB) were poorer, 
while Ss with no prior integration of the stimulus or 
response terms (ie., Groups SRI and SRIB) had 
the most difficulty. These results are consistent with 
those previously reported by Homzie et al. (1967) 
and extend their findings to all possible combinations 
of stimulus term and response term integration. 


Journal of Experimental Psychology 
1969, Vol. 80, No. 1, 190-191 


SUPPLEMENTARY REPORTS 


REFERENCES 


Ascu, S. E., & EBENHOLTZ, S. M. The principle of associative 
symmetry. Proceedings of the American Philosophical Society, 
1962, 106, 135-163. 

Barric, W. F., & KoPPENAAL, R. J. Associative symmetry in 
S-R vs. R-S recall of double function lists. Psychological 
Reports, 1965, 16, 287-293. 

Exstranxp, B. К.  Backward associations. 
Bulletin, 1966, 65, 50-64. 

Howzig, M. J., HanDACRE, L. E., & WEIMER, J. Transfer of 
training as a function of stimulus.and response integration 
of paired associates. Journal of Experimental Psychology, 
1967, 74, 383-388. 

Ѕснир, M. E. & Battic, W. Е. Directionality in paired 
associate learning. Journal of Verbal Learning and Verbal 
Behavior, 1966, 5, 42-49, 

UNDERWOOD, B. J., & ScHuLz, R. W, Meaningfulness and 
verbal learning. Chicago: Lippincott, 1960. 


Psychological 


(Received June 14, 1968) 


"HORN OF PLENTY" CONDITIONS VERSUS GRADUAL DIMINUTION 
OF REWARD SUPPLY WITH EXTENDED TRAINING ! 


GLEN D. JENSEN? 
State University of New York, Fredonia 


AND 


ROBERT P. REY 
De Paul University 


acquisition trials in a runway followed 


y (HOP) Ss received one consumable 
ng food supply (DFS) Ss received one 
ber of unconsumable pellets, the number 


diminishing from 23 to 0 pellets as acquisition Progressed. The DFS Ss first 
ran faster and then slower relative to HOP Ss as acquisition progressed. The 
DFS Ss returned almost to the operant level by the first extinction trial. A 
third group was run primarily to clear up an anomaly from an earlier study 


(Jensen & Rey, 1968). 


m In a paper by Jensen and Rey (1968) the term 

horn of plenty" (HOP) was used to designate the 
commonplace set of operations in runway experi- 
mentation in which a single food pellet is placed in 
the goal box between successive rewarded trials with 
the rat being unable to witness the replenishing 
operation. One might say (somewhat anthropo- 
morphically) that it is as though the goal-box dish 
"sprouts" a new pellet between trials under HOP 
conditions. The term "diminishing food supply" 
(DFS) designates a situation in which a perforated 
Plexiglas tube is mounted above the goal-box food 
dish and the tube holds a number of unconsumable 
food pellets that diminishes by one with each 
successive rewarded trial. 

The present study involves a longer acquisition 
phase than the Jensen and Rey study and includes 
10 extinction trials. 

Method.—The Ss were 30 naive male Sprague- 
Dawley rats, 90-120 days of age. Details of the 
runway and the Plexiglas tube are essentially as 
reported by Jensen and Rey (1968). Prior to 
Health Service Grant HD-00945, мона бына. on 
Health and Human Development. 

2 Requests for reprints should be sent to Glen D, Jensen, 


Department of Psychology, State University College, Fredonia, 
New York 14063. 
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Experimental Day 1 all Ss underwent a 7-day 
schedule of deprivation and taming according to the 
same rules imposed in the earlier Jensen and Rey 
study. Prior to Day 1, three random groups were 
formed, subject to the restriction that each group 
contain exactly 10 Ss, 

During Experimental Day 1 each SS received 24 
acquisition trials in the runway followed by 10 
extinction trials. 
Spent approximately 10 sec. in the goal box followed 
by 15 sec. in its home Cage with water. On any 


). On such trials 120 sec. was recorded as the 
running time. 

Differential treatment consisted in the number of 
pellets in the Plexiglas tube during acquisition. The 
Ss in Group HOP always ran to one 45-mg. pellet 
in the china cup with the tube being present but 
empty. For Group DFS there was always one 
45-mg. pellet in the china cup but the number of 
pellets in the tube diminished by one with each 
successive trial. There were 23 pellets in the tube 
on the first acquisition trial and 0 pellets by the 
twenty-fourth and last acquisition trial. 
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Groups HOP and DFS are the two groups of 
primary interest. A group called FT-HOP (full 
tube-horn of plenty) was included in an effort to 
clear up an anomaly from the Jensen and Rey (1968) 
study. There, FT-HOP Ss ran slower than DFS Ss 
during early trials. This does not make sense since 
FT-HOP Ss received the same amount of primary 
reinforcement as DFS Ss plus a larger amount of 
“secondary incentive” or whatever one should call 
the unconsumable pellets in the tube. The FT-HOP 
Ss in the present study always received one 45-mg. 
pellet in the china cup during an acquisition trial, 
and the tube always contained twenty-three 45-mg. 
Noyes pellets identical to the one in the cup. 

During each extinction trial for all groups, the 
china cup was present but empty and so was the 
tube. 

Onevery acquisition trial, E tabulated the number 
of times an S licked the Plexiglas tube, chewed on it, 
or sniffed at it. : 

Resulls and. discussion.—Figure 1 summarizes the 
entire experiment. Trial 1, F (2, 27) = 45,2 > 50, 
suggests that the groups were equivalent on all 
relevant S variables. үз 

With respect to Group FT-HOP, the main interest 
was in showing higher performance relative to 
Group DFS during early acquisition trials. Inspec- 
tion of Fig. 1 shows that this result was obtained, 
thereby helping to straighten out an anomaly in the 
results of the Jensen and Rey (1968) study. The 
ЕТ-НОР Ss received the larger amount of secondary 
incentive (the unconsumable pellets in the tube) and 
hence should show the faster running speeds. 

Interest focuses on comparisons between Groups 
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HOP and DFS. It is to be expected that DFS Ss 
will show the higher performance measures early in 
acquisition since the goal box contains secondary 
incentives for these Ss in addition to the primary 
incentive that these groups have in common. This 
is substantially what happened, except that the data 
point at Trials 9-12 appears to be slightly out of line. 
It is also to be expected that DFS Ss will run slower 
than HOP Ss by the end of acquisition, if one be- 
lieves in the replicability of the Jensen and Rey 
(1968) results. The best way to test for such an 
effect is by way of a Treatments X Trials term ina 
repeated-measurements analysis of variance. Using 
five blocks of 5 trials (up to and including Trial 25), 
the Treatments X Trials interaction is significant, 
Е (4, 72) = 4.61, p < .01. 

Group DFS ran significantly slower than Group 
HOP on the very first extinction trial, F (1, 18) 
= 6.89, р < .05. These two groups are also 
significantly different in mean running speeds on the 
first 4 extinction trials combined, F (1, 18) = 5.49, 
P$ «.05. They are not significantly different in 
mean running speeds for all 10 extinction trials 
combined, F (1, 18) = 2.61, р > .05. 

Tabulations of chewing and licking responses to 
the tube showed no reliable trends across trials, but 
leave little doubt that the unconsumable pellets were 
noticed and responded to. 

It is believed that by far the most interesting 
result is the very low absolute value of the mean 
speed for Group DFS during the very first extinction 
trial. These Ss had returned almost completely to 
their operant level, if operant level is defined as the 
mean speed for Group DFS on Trial 1 of acquisition. 
If the relatively high speed by DFS animals on the 
second extinction trial can be attributed to "frustra- 
tion drive" (Amsel, 1962), then it is not too in- 
accurate to say that DFS Ss showed almost no 
resistance to extinction at all! 

By implication, the present results suggest that 
the typical partial reinforcement effect may be a 
consequence of a cognitive expectation of reward 
built up during acquisition. It is believed that DFS 
operations decrease the expectation of reward that 
carries over from acquisition to extinction and that 
extinction performance after DFS scheduling reflects 
a low level of expectation of reward. 
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EXTINCTION OF ONE-WAY AVOIDANCE AND DELAYED WARNING- 
SIGNAL TERMINATION?! 


DENNIS J. DELPRATO? 
Michigan State University 


Following three consecutive avoidance responses on a one-way avoidance task 
with a buzzer external warning signal, 48 Ss were assigned to one of four non- 
shock extinction conditions in which the duration of the delay in buzzer 
termination following a response was varied (0, 5, 10, and 20 sec.) Results 
indicated significant progressive decreases in resistance to extinction as a func- 
tion of increases in the duration of buzzer termination delay. Similar findings 
from a previous study that used two-way (shuttle) avoidance were replicated 


and extended to one-way avoidance. 


It was suggested that a relaxation 


theory of avoidance can adequately account for the data. 


Katzev (1967) has recently shown decreased re- 
sistance to discriminative avoidance extinction with 
increases in the delay of warning-signal termination 
following extinction responses. Katzev used the 
two-way or shuttle avoidance procedure which re- 
quires 5 to avoid shock by running from one side of 
a two-compartment box to the other during the 
presentation of the warning signal on each trial. The 
present study was designed to determine whether 
Katzev's finding can be extended to one-way avoid- 
ance. Several investigators (e.g., Denny, in press; 
Theios, Lynch, & Lowe, 1966) have pointed out 
critical differences between one-way and shuttle 
avoidance, making a replication of Katzev's finding 
with the one-way method highly desirable before 
attempting to incorporate the effect into a theory of 
avoidance learning-extinction. 

Method.—The Ss were 24 male and 24 female ex- 
perimentally naive albino rats, 100-150 days old. 

The apparatus had one white and one black 
18 X 14 X 4 in. chamber with a manually operated 
opaque guillotine door separating the two chambers. 
The entire floor was constructed of i-in. stainless 
steel rods, $ in. apart, center to center. A 1.0-ma. 
scrambled shock was delivered only to the black 
(shock) side. А 75-db. buzzer which served as the 
external warning signal was attached to the center 
of the back of the apparatus. Ambient noise level 
was 45 db. 

Acquisition was identical for all Ss. Following a 
2-min. habituation period in the apparatus, 5 was 
trained to an avoidance criterion of three consecu- 
tive avoidance responses. On each trial, S was 
placed in the center of the shock compartment, 
facing the door, and 5 sec. later the buzzer was 
turned on and the door was raised. An avoidance 
interval of 5 sec. was used with shock following 
buzzer onset and door up after 5 sec. Both the 
buzzer and shock were response-terminated on en- 
trance into the safe compartment. If S entered the 


1 Supported in part by a National Science Foundation grant 

. Denny. 3 
e for reprints should be sent to Dennis J. Delprato, 
who is now at Mississippi State University, Department of 
Psychology, P. O. Drawer PF, State College, Mississippi 39762. 


safe compartment within the avoidance interval, it 
terminated the buzzer and avoided shock. A total 
of 30 sec. was spent in the safe compartment, after 
which S was placed back into the shock side for the 
next trial. 

Following attainment of acquisition criterion, S 
was placed back into the shock side as usual and 
nonshock extinction began. Six Ss of each sex were 
randomly assigned to one of four delayed buzzer- 
termination groups, yielding 12 Ss in each of the four 
main groups. Following entrance into the safe com- 
partment, the door was immediately closed for all 
groups as during acquisition. However, the buzzer 
remained on for 0, 5, 10, or 20 sec. following a re- 
sponse. All Ss continued to spend 30 sec. in the safe 
side. A total of 75 extinction trials was given, or S 
was terminated after 10 consecutive failures to 
respond within 30 sec. after trial onset and “по 
response" was recorded for the remainder of the 75 
trials. А 

Results and discussion.—The results of two acqui- 
sition and three extinction measures are presented 
in Table 1. A2 x 4 (sex X delay in buzzer offset) 
analysis of variance was performed on each measure. 
All F ratios for the acquisition measures were non- 
significant (largest F = 1.46), indicating the groups 
were of comparable learning ability. While a sig- 
nificant sex difference was not found in acquisition, 
females were significantly more resistant to extinc- 
tion than males on all three measures, all Fs (1, 40) 
> 9.14, p's < .001. However, since this sex differ- 
ence is not of theoretical significance, it will not be 
referred to further and Ss of both sexes were com- 
bined for Table 1. 

In extinction, the number of trials to the first 
“nonavoidance” response (latency > 5 sec.) de- 
creased as the delay in warning-signal termination 
increased, F (3, 40) = 4.10, р < .025. The total 
number of conditioned avoidance responses (CARS); 
or responses with a latency less than the 5-seC- 
avoidance interval, decreased as above, F (3, 40) 
= 13.61, р < .001. On the other hand, the number 
of failures to respond within the 30-sec. maximum 
time period increased with increasing warning-signa 
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TABLE 1 
MEAN ACQUISITION AND EXTINCTION VALUES 
Duration of warning- 
signal delay during 
extinction 
Measure 
0 5 10 20 
sec. sec. sec. sec. 
Trials to acquisition criterion 44| 3.6] 43] 46 
Total shocks during acquisition $8| 3.2] 3.8] 3.8 
Trials to first response with latency 
of 5.0 sec. or more during 
extinction 24.8 | 22.9 | 10.4 | 4.4 
Vumber of CARs during extinction | 52.2 | 34.8 | 240 | 7.3 
Number of failures to respond 
during extinction 17.8 | 33.3 | 47.1 | 65.7 


Note.—Males and females combined. 


delayed offsets, F (3, 40) = 17.97, р < .001. In 
sum, all three extinction measures show progressive 
decreases in resistance to extinction with increases 
in the delay of buzzer termination, thus extending 
Katzev's (1967) finding to the one-way avoidance 
Situation. 

Katzev (1967) interpreted his results in the frame- 
Work of a redefinition of extinction in avoidance 
learning, ie. omitting in extinction the prompt 
termination of the warning signal as well as shock 
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since such prompt termination appears necessary to 
initially strengthen the response. In other words 
an extinction response not followed by prompt 
warning-signal termination is “more” of an extinc- 
tion trial than a response that is so followed. Ona 
more theoretical level, the present results, as well as 
Katzev's, would appear to offer strong support for 
a relaxation theory of avoidance (Denny, in press; 
Denny & Weisman, 1964) which maintains that the 
backchaining of relaxation responses (looking about 
grooming, etc.) from safe periods and/or places to 
fear-evoking situations is the main competing re- 
sponse in avoidance extinction. That is, in the 
present study the longer the buzzer was paired with 
relaxation in the safe area the more rapidly the 
buzzer came to elicit relaxation, hence the faster the 


extinction. 
REFERENCES 


Denny, M. К, Relaxation theory and experiments. In F. R. 
Brush (Ed), Aversive conditioning and learning. News RE 
Academic Press, in press. 

Denny, M, R., & WEISMAN, R. C. Avoidance behavior as a 
functionfof length of nonshock confinement. Journal of 
Comparative and Physiological Psychology, 1964, 58, 252-257. 

KarzEV, R. Extinguishing avoidance responses as a function 
of delayed warning-signal termination. Journal of Experi- 
mental Psychology, 1967, 75, 339-344. 

TueEtos, J., Lyncn, A. D., & Lowe, W. F. Differential effects 
of shock intensity on one-way and shuttle avoidance con- 
ditioning. Journal of Experimental Psychology, 1966, 72, 


294-299, 
(ReceivedJJune™19, 1968) 


POSITIVE REINFORCEMENT AND SUPPRESSION OF 
SPONTANEOUS GSR ACTIVITY?! 


JERRY R. MAY лхо HAROLD J. JOHNSON? 


Bowling Green State University 


Thirty male Ss were divided into three groups to test the effects of reversal of 
Ба т on rate of emission of spontaneous GSRs. In Cond. 1 Ss received 
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it the experiment in Cond. 3. 


and suppression of responses during punishment. 
There was adaptation of response rate 


many of the studies are subject to some of the criti- 
cisms raised by Katkin and Murray (1968). 

This study was designed to evaluate the effects of 
both positive reinforcement and punishment within 
the same Ss to determine whether the rate of emis- 
sion of spontaneous GSRs can be both increased and 
subsequently decreased within a relatively short 
period of time. 

Method.— The basic design of the experiment in- 
volved three groups of 10 Ss and three phases of 
conditioning for each group. The three phases were 
a 16-min. initial conditioning phase, a 16-min. re- 
versal phase, and an 8-min. extinction phase. The 
groups differed on the basis of the type of stimula- 
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tion they received during the initial and reversal 
phases. Group 1 Ss received positive reinforcement 
during the initial phase and punishment during the 
reversal phase. Group 2 Ss received punishment 
during the initial phase followed by positive re- 
inforcement during the reversal phase. In Group 3 
Ss received no stimulation during each of the three 
phases. Presentation of either positive reinforce- 
ment or punishment for Groups 1 and 2 was con- 
tingent on the emission of a spontaneous GSR. 

The stimuli were 80 black and white slides of nude 
females used previously as positive reinforcers 
(Schwartz & Johnson, 1969) and a 700-cps square 
wave with an intensity of 99 db. re .0002 dynes at 
S's headset as the aversive stimulus. This latter 
stimulus was slightly more intense than one used 
previously (Johnson & Schwartz, 1967). The dura- 
tion of the stimuli was 3 sec. and was controlled 
electronically. 

All physiological responses were recorded on a 
Grass Model 7 polygraph. The procedure used for 
recording and identifying GSR activity has been de- 
scribed elsewhere (Johnson & Schwartz, 1967) 
except that silver/silver chloride electrodes were 
used in this experiment. Heart rate and respiration 
were recorded in standard fashion using limb leads 
and a strain gage transducer. Forearm muscle po- 
tentials were also recorded over the flexor carpi 
radialis on the left forearm using silver cup electrodes 
placed 1 in. apart. 

The Ss were seated in a reclining chair and were 
informed that E was interested in physiological re- 
sponses and that S therefore must minimize move- 
ment. The Ss were also informed that they would 
receive both visual and auditory stimulation, but 
they were not informed about the exact nature of 
the stimuli or about the contingency between stimu- 
lation and spontaneous GSR activity. 


PERCENTAGE TRANSFORMATION SCORE 
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A 10-min. adaptation period began after E sta- 
bilized the physiological recordings. During the 
last 4 min. of this period the basal level of spon- 
taneous GSR activity was determined for each 5. 
Any S who emitted fewer than two spontaneous 
GSRs during this period was dropped from the ex- 
periment. In addition, Ss were matched on the 
basis of the number of spontaneous GSRs during 
this period and assigned to one of the three 
conditions. 

The initial phase of conditioning followed the 
adaptation period and it was followed by the re- 
versal and extinction phases without interruption. 
At the end of the extinction phase Ss were inter- 
viewed to determine if they could accurately 
verbalize the relationship between stimulation and 
their internal states. 

Fifty-one male undergraduates attending summer 
session at Bowling Green State University served 
as Ss and they were paid for their service. Twenty- 
one Ss failed to reach the criterion of responding 
during adaptation and were dropped from the 
experiment. 

Resulls.—The number of spontaneous GSR re- 
sponses was computed for each S in successive 4-min. 
time segments. Thus there was one score for adap- 
tation, four scores for the initial phase, four scores 
for the reversal phase, and two scores for the extinc- 
tion phase. These raw scores were converted to the 
same percentage transformation scores employed 
previously (Johnson & Schwartz, 1967). 

Separate two-factor analyses of variance repeated 
one way were performed on the initial phase, the 
reversal phase, and the extinction phase. Condi- 
tions (C) was the between dimension and time seg- 
ments within phases (Т) constituted the repeated 
dimension. The analyses of variance of the initial 
phase showed significant differences for the C di- 
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Fic, 1. Transformed response frequencies during two periods of 
reinforcement and the extinction period, 
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mension, F (2, 27) = 10.786, р < .0001. The T 
dimension was also significant, F (3, 81) = 3.939, 
0 «.01. The C X T interaction was significant, 
F (6, 81) = 4,825, р < .0001. The analysis of 
variance of the reversal phase likewise yielded sig- 
nificance of the C dimension, F (2, 27) = 4.186, 
P «.026. The T dimension was significant, 
F (3, 81) = 7.286, р < .0001, and the C X T inter- 
action was also significant, F (6, 81) = 6.295, 
P < .0001. 

The analysis of variance on the extinction phase 
data revealed no significant differences. Figure 1 
represents the percentage transformation data for 
the experiment. 

The level of skin resistance was sampled every 15 
Sec. throughout the experiment. These values were 
averaged and analyzed in a manner similar to that 
Used for the spontaneous GSRs. There were no 
Significant differences between groups on this mea- 
Sure, and these data indicated simple adaptation 
effects across the session for all groups. The other 
Physiological responses were not scored and were 
"sed only to aid in definition of spontaneous GSR 
Activity, 

In the postexperimental interview, none of the 20 
55 in Cond. 1 and 2 reported an ability to predict or 
Contro] receipt of the stimuli. The interview again 
did not provide evidence for possible cognitive or 
Somatic mediation. 

, Discussion.—The results of the study are con- 
Sistent with previous reports on positive reinforce- 
ment and suppression of spontaneous GSR activity. 

he initial phase combined and replicated the find- 


195 


ings of Johnson and Schwartz (1967) and Schwartz 
and Johnson (1969). 

. The results using a within-Ss design argue against 
interpretations of operant conditioning studies sug- 
gested by Katkin and Murray (1968). It is difficult 
to see how a systematic bias related to contingency 
could account for these results. Furthermore, the 
use of more effective and arousing stimuli coupled 
with a strict response criterion could account for the 
divergence of these results from those reported by 
Stern (1967). 

The strictness of response definition may also 
underlie the difference between the no-stimulation 
condition in this study and the results reported by 
Greene (1966). If somatically mediated responses 
had not been ruled out, then the no-stimulation con- 
dition might have resulted in a slight increase in 
response rate. 
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CHILDREN’S ESCAPE CONDITIONING AND PRIOR NUMBER 
OF ADAPTATION TRIALS TO THE NOXIOUS STIMULUS! 


R. K. PENNEY? 
University of Waterloo 


AND 


E. M. PENNEY 


Grandview Training School 


The effect on children's escape conditioning of 0, 5, 10, 15, 20, 25, 30, 35, and 
40 prior adaptation trials to a 98-db. tone was determined. Escape times 
were slowest after 20 adaptation trials; beyond this number of trials escape 
times became more rapid, even surpassing the escape times of the nonadapted 
group. The data suggested a nonlinear relation between number of adaptation 
trials and the underlying emotional response. 


Systematic studies of adaptation's effect on human 
conditioning appear infrequently in the literature. 
However, the results of the few studies that have 
been performed are quite consistent. McDonald 
(1946), Taylor (1956), and Kimble and Dufort 
(1956) report prior exposure to an aversive stimulus 
reduced the number of conditioned responses. Simi- 
larly, Penney and Kirwin (1965) found that children 
who were exposed to fifteen 84-db. tones prior to 
escape conditioning exhibited slower escape per- 
formance than a group who was not so exposed. 
Moreover, Penney and Kirwin found that there is a 
differential adaptation of children high and low in 
anxiety, i.e., high-anxious children adapt less than 
low-anxious children. 

Kimble (1961) has noted that the effect of differ- 
ent number of adaptation trials on conditioning has 
not been investigated. The above studies did not 
parametrically manipulate number of adaptation 
trials, but employed only one level of adaptation. 
The purpose of the present study was to parametri- 
cally explore the effect of number of adaptation 
trials on children's escape conditioning. Since 
Penney and Kirwin found an interaction between 
adaptation and anxiety, the present investigation 
controlled for manifest anxiety. 

Method.—A total of 180 children (90 males, 90 
females) in Grades 4 and 5 served as Ss and were 
divided equally among nine adaptation groups. 
Sarason’s (Sarason, Davidson, Lighthall, Waite, & 
Ruebush, 1960) General Anxiety Scale for Children 
(GASC) and Test Anxiety Scale for Children 
(TASC) were administered to the children in their 
classrooms and a combined anxiety score (GASC 
+ TASC) was determined. Those Ss scoring in the 
middle range (22-38) were randomly assigned to the 
nine adaptation groups. Analysis of the anxiety 
scores for the nine groups yielded no significant 
differences between groups. 

The nine adaptation groups were defined in terms 
of number of adaptation trials (0, 5, 10, 15, 20, 25, 
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30, 35, 40) prior to escape conditioning. An adapta- 
tion trial was a 5-sec. exposure toa 98-db., 2,000-cps 
pure tone. The tone eminated from two speakers, 
one at each of S's ears. During this phase of the 
experiment 5 was instructed to sit quietly and listen 
to the sounds. 


Escape conditioning immediately followed adapta- 
tion and consisted of presenting the same 98-db. 
tone, but in this phase 5 could pull a lever and 
terminate the noxious stimulus. The lever was situ- 
ated in a sloping wooden box and it could be pulled 
downward toward S through an 11-in. excursion. 
There was a total of four escape trials administered 
toeach S with a variable time interval between trials 
and a maximum intertrial interval of 10 sec. 

Results and discussion.—'The time between the on- 
set of the tone and the depression of the lever was 
recorded in 1/100 of a second on each trial and 
labeled escape time. Figure 1 presents the mean 
escape time over the four trials for the nine adapta- 
tion groups. Analysis of variance of these data 
yielded a significant between-groups adaptation 
effect, F (8,162) — 3.30, р < .005. Sex and its 
interaction with adaptation were not significant 
Sources of variation. When Duncan's multiple- 
range test was applied to the nine groups, the group 
receiving 20 adaptation trials was significantly 11- 
ferior (р < .05) to all the other groups. Moreover 
the groups receiving 0, 5, 10, and 15 adaptation trials 
were significantly inferior (р « .05) to the group 
which received 40 trials. None of the other com- 
parisons was significant. 

Since the mean for Group 20 appears to be spuri- 
ously deviant from the other groups, a partial 
replication of the present study yielded means © 
1.67, 1.98, and 1.76 over four trials for Groups 15, 20, 
and 25, respectively, where the number of Ss was 2 
рег group. As previously fou nd, there was a signifi- 
cant between-groups adaptation effect, F (2, 57) 
=3.21, p < .05. Thus, although the trend is similar 
to the earlier results, the differences between groups 
were less than previously reported. " 

The results indicate that an adaptation effect 18 
evident for the group receiving 20 prior exposure 
trials. Tt is assumed that for the group receiving 
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Fic, 1, Mean escape times for the nine adaption groups. 


Adaptation trials, the strength of the emotional re- 


eee (ть) is reduced and there is a corresponding 
е H 


"ction in drive which leads to slower escape re- 


Ponding, Penney and Kirwin found this adaptation 
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effect associated with 15 prior exposure trials, but an 
84-db. tone was employed with high- and low-anx- 
ious Ss. 

Perhaps the significance of the results of the 
present study is the suggestion that the relationship 
between adaptation and the inferred r, is not linear 
but curvilinear. This finding was hypothesized in 
the earlier study of Penney and Kirwin in that a low- 
anxious group of children who showed an adaptation 
effect did not continue to condition more slowly be- 
yond the first four trials. It was suggested in this 
earlier study that the presentation of the noxious 
stimuli may at first reduce ro, but beyond a certain 
number of trials the accumulation of noxious stimuli 
may heighten re. It appears that indeed faster 
escape responding is associated with 40 adaptation 
trials, and escape after this many adaptation trials is 
even more rapid than when no adaptation trials are 
administered. 
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EFFECTS OF CONSTANT AND VARIED SERIAL ORDER OF PRESENTING 
PAIRED ASSOCIATES IN LEARNING AND TESTING 
JOHN H. WRIGHT! GEORGE A. GESCHEIDER 


Virginia Polytechnic Institute Hamilton College 


AND STEPHEN B. KLEIN 


Virginia Polytechnic Institute 


Two hundred and thirty-six Ss learned by the recall method two eight-pair 
lists, one of high stimulus M and the other of low stimulus M, under five condi- 
tions of constant serial order (CO) and varied serial order (VO) of presenting 
items in PA learning and testing: (a) CO pairs-CO stimuli in the same order, 
(b) CO pairs-CO stimuli in a different order, (c) CO pairs-VO stimuli, (2) VO 
pairs-CO stimuli, and (e) VO pairs-VO stimuli. The superiority of per- 
formance in PA learning of a over b, coupled with the absence of a superiority 
of the combined performance of b and c over the combined performance of d 

and e, suggested that CO pair presentation is facilitative only when the COs 

in PA learning and testing are identical. The smaller number of after errors 

under b and d combined than under c and e combined, coupled with an opposite 
performance superiority of c and e combined over b and d combined in both 
R-S recall and stimulus recognition, suggested that the CO presentation of 
stimuli in testing facilitates PA performance by reducing stimulus learning 


requirements. 


It has been reported (e.g., Tragash & Newman, 
1967) that the learning of paired associates occurs 
more rapidly when the items are presented in a con- 
stant serial order (CO) from trial to trial than under 
the usual procedure wherein the items are presented 
in a varied serial order (VO) from trial to trial. 
However, some studies (e.g., Martin & Saltz, 1963) 
have failed to find facilitation of paired-associate 
(PA) learning by CO item presentation, and other 
studies (e.g., Battig, Brown, & Nelson, 1963) have 
found the effects of this variable to be small and of 
marginal statistical significance. 

The procedures employed in most of these studies 
have not permitted an unambiguous interpretation 
of the effects of CO-VO item presentation in PA 
learning because of their frequent use of identical 
item orders, either constant or varied, in both the 
learning and test portions of a PA trial. When 
identical COs are employed in PA learning and test- 
ing, facilitation of PA performance could occur (a) 
because the order of presentation of the stimuli for 
testing is the same from trial to trial as the order of 
presentation of the S-R pairs for learning, (b) be- 
cause the S-R pairs are presented for learning in the 
same serial order from trial to trial, and/or (c) be- 
cause the stimuli are presented for testing in the 

same serial order from trial to trial. 

Consequently, the purpose of the present experi- 
ment was to evaluate separately the relative contri- 
bution of each of these factors to the facilitation of 
PA learning by CO item presentation. This was 
done by using the recall method'of PA learning under 

1 Requests for reprints should be sent to John H. Wright, 
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which it is possible to present the S-R pairs for 
learning in a CO or VO fashion independently of 
whether the stimuli are presented for testing ina 
or VO fashion. Hence, the following five conditions 
of presenting items from trial to trial were employed: 
(a) CO pairs-CO stimuli іп the same order, (b) co 
pairs-CO stimuli in a different order, (с) CO pairs 
VO stimuli, (d) VO pairs-CO stimuli, and (e) VO 
pairs-VO stimuli. In addition, stimulus meaning- 
fulness (M) was manipulated in the present study at 
two widely varying levels. R-S recall and stimulus 
recognition tests were given immediately following 
PA learning in order to assess directly S's learning о 
the PA stimuli under all conditions. Р 
Method.—Two eight- pair РА lists, one of high stim- 
ulus M and the other of low stimulus M, were em; 
ployed in theexperiment. Both lists contained C 
trigrams as stimulus terms and two-digit numbers as 
response terms and were selected from lists prev!” 
ously employed by Wright (1967). There were five 
independent groups, each receiving one of the five 
CO-VO conditions. All Ss in each CO-VO grouP 
learned both the high-M and the low-M list. Half of 
the Ss in each group learned the high-M followed by 
the low-M list, and the remaining half of the Ss 1” 
each group learned the low-M followed by the high- 
M list. The Ss were undergraduate males an 
females from psychology and sociology classes at 
Virginia Polytechnic Institute. Thirty-six Ss serve 
in the CO-CO-same condition, and 50 Ss served 1? 
each of the remaining four CO-VO conditions. : 
Ss were assigned to the successive conditions іп > 
randomly predetermined sequence in order of ар 
pearance for the experiment. 
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Each S was given instructions for PA learning 
under the recall method which made no reference to 
the order in which items would be presented within 
trials. All items were presented at a 2-sec. rate, and 
the intertrial intervals were 30 sec. Under the VO 
conditions the order of item presentation was varied 
unsystematically from trial to trial, and the order of 
presentation of the pairs for learning and stimuli for 
testing was always different within each trial. 
Under the CO conditions a different random order of 
item presentation was generated for each S and em- 
ployed in all trials with that S. For Ss in the 
CO-CO-different condition, the CO in which the pairs 
were presented in each learning trial was different 
from the CO in which the stimuli were presented in 
each test trial, while for the Ss in the CO-CO-same 
condition the CO in which the pairs were presented 
in learning was identical to the CO in which the 
stimuli were presented in testing. List 1 was learned 
to a criterion of one errorless trial; immediately 
following, List 2 was learned to the same criterion. 

Immediately following the learning of List 2, each 
S was given a single R-S recall trial in which the 16 
response terms from the two PA lists were presented 
in random order at а 5-sec. rate. The S was in- 
Structed to spell aloud the CVC which had been 
paired with each two-digit number as that number 
was presented. No knowledge of results was given 
in R-S recall. Immediately following the R-S recall 
trial, S was given a stimulus recognition test in the 
form of a matrix containing 16 rows of six CVCs ar- 
ranged in random order. The S was told that each 
row of the matrix contained one of the PA stimuli he 
had encountered during learning, and he was in- 
structed to identify that stimulus. 

Results and discussion.— Table 1 presents the mean 
performance in PA learning, R-S recall, and stimulus 
recognition under all conditions. Consistent with 


the results of many previous studies, high stimulus 
M performance was superior to low stimulus M per- 
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formance in all measures presented in Т; 
Fs (1,192) > 25.98, p < 401. NN 

Inspection of Table 1 reveals that perfor 
under the CO-CO-same condition уза as uen 
perior to performance under the CO-CO-different 
condition in before errors, after errors, and total 
errors, Fs (1, 82) > 4.41, р < .05, but not in trials 
to criterion, R-S recall, or stimulus recognition, 
Fs « 1.00. Furthermore, these error differences 
were greater in the list of low stimulus M than in the 
list of high stimulus M, for the CO-CO-same-differ- 
ent X M interaction, Ёз (1, 82) > 5.01, р < .05 
There was no effect of serial position in any of the 
three error measures under the CO-CO-different 
condition, Fs « 1.00, but highly significant effects of 
serial position were found in all three error mea- 
sures under the CO-CO-same condition, Fs (7, 245) 
23.01, р « .01. The number of errors in Serial 
Positions 1, 2, 7, and 8 combined was greater under 
the CO-CO-different than under the CO-CO-same 
condition, Fs (1, 82) > 5.35, р < .025, but the per- 
formance of these groups in Serial Positions 3, 4, 5, 
and 6 combined failed to differ, Fs < 1.00. Thus, it 
is clearly evident that the superiority of CO-CO- 
same over CO-CO-different performance was re- 
stricted to the pairs appearing in the beginning and 
end portions of the list. These findings suggest that 
the opportunity for direct transfer of serial learning 
of responses from the learning to the test portion of a 
PA trial was the factor responsible for the superi- 
ority of the CO-CO-same over the CO-CO-different 
group. 

A comparison of the combined performance of the 
CO-CO-different and CO-VO groups with the com- 
bined performance of the VO-CO and VO-VO groups 
revealed that with different item orders in the 
learning and test portions of a PA trial the CO vs. VO 
presentation of S-R pairs in the learning portion of a 
PA trial had no effect in any of the measures pre- 
sented in Table 1, Fs (1, 192) < 1.66, p > .10. These 


TABLE 1 


PA LEARNING, R-S RECALL, 


MEAN PERFORMANCE IN АН 


AND siuntos Recon іх Нїбн-М AND Low-M Lists 
‘ATION OF 

UNDE or CO AND VO PRESENTA 

pete IrEMs IN PA LEARNING AND TESTING 


TI 
Condition 
— Stimulus M. | pairs-VO | VO pairs-CO | CO pairs VO СО mais: СО | со pairs-CO 
stimuli stimuli stimuli different  ШДИН-заше 
WE 

Tüdswchen | ‘igh $53 738 7% #3 592 
NIS sex | BS | Em | Ex | SR | a 
TRE mex | { | H3 | 19 | б | im 
honc mex | gg | Юй | SS | $5 | cm 
Correct R-S recall High M 438 135 265 13i a9 
Correct stimulus recognition High M 230 en 140 649 661 
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findings further support the conclusion that the co 
presentation of pairs during the learning portion of a 
PA trial facilitates PA performance only when there 
is sufficient correspondence between the COs in 
learning and testing to permit the occurrence of some 
form of positive transfer of serial learning from the 
learning to the test portion of a PA trial. 

A comparison of the combined performance of the 
CO-CO-different and VO-CO groups with the com- 
bined performance of the CO-VO and VO-VO groups 
revealed that with different item orders in PA 
learning and testing the CO presentation of stimuli 
during the test portion of a PA trial had no effect on 
trials to criterion or before errors, Fs < 1.00, but 
did result in fewer after errors, F (1, 192) = 6.89, 
p < .01. In addition, the magnitude of this effect 
was greater in low stimulus M than in high stimulus 
M after errors, F (1, 192) = 5.70, p < .025. Both 
R-S recall and stimulus recognition, on the other 
hand, were better following PA learning under VO 
stimulus presentation than following PA learning 
under CO stimulus presentation, Fs (1, 192) > 7.85, 
р < 91. This effect was of greater magnitude 
in low-M than in high-M stimulus recognition, 
Е (1, 192) = 4.17, р < .05, but was not of greater 
magnitude іп low-M than in high-M R-S recall, 
F (1,192) = 2.11, p > .10. These findings suggest 
that the CO presentation of stimuli in testing facili- 
tated PA performance by reducing stimulus learning 
requirements. Since both the R-S recall and recog- 
nition of nominal PA stimuli were better following 
PA learning under VO stimulus presentation than 
following PA learning under CO stimulus presenta- 
tion, it is clearly evident that less was learned about 
the nominal PA stimulus under CO than under VO 
stimulus presentation. These results are in agree- 


ment with results obtained by Wright (1967) who 
found facilitation of PA learning in the form of a 
reduction in after errors by conditions reducing 
stimulus learning requirements. The failure to find 
serial position effects in after errors, R-S recall, or 
stimulus recognition, Fs « 1.00, further suggests 
that the reduction of stimulus learning requirements 
by the CO presentation of stimuli in testing did not 
result from use of serial position as an additional cue 
component of the functional PA stimulus. There is 
evidence (Schultz, 1955) that the middle serial 
positions are less discriminable as cues for learning 
than the beginning and end serial positions. Thus, 
if serial position had served as part of the functional 
PA stimulus under conditions of CO presentation of 
stimuli in testing, the lesser discriminability of the 
middle serial positions as cues for learning would 
have resulted in better learning of the nominal PA 
stimuli occupying the middle serial positions, and 
there would have been serial position effects in R-S 
recall and stimulus recognition. 
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PERCEPTION OF LETTER ARRAYS AS A FUNCTION 
OF ABSOLUTE RETINAL LOCUS 


MAURICE HERSHENSON?! 


University of Wisconsin 


Perceptibility was found to be a function of absolute retinal locus with fixation 
on the second, fourth, or sixth position of briefly exposed, seven-letter arrays. 
These results suggest that perceptual reports are frequently contaminated 
with contributions from postperceptual processing in recognition experiments. 


When linear letter arrays were presented to Ss at 
exposure durations of 100 msec. or less, Crovitz 
and Schiffman (1965) found relative position within 
the line to be the most important variable controlling 
accuracy of report. The leftmost letter was reported 
Most accurately regardless of variation in absolute 
retinal locus; variation in spacing and shift from 
Monocular to binocular viewing also had little effect. 

hese results were surprising because they showed no 
relationship to visual anatomy. One might have 
expected items closest to the point of fixation to 

seen with greatest ease since visual acuity de- 
creases markedly from the point of fixation outward, 
Corresponding to the coarsening of the retinal mosaic 
and the increase in the ratio of convergence of cone 
receptors on bipolar and ganglion cells. These 
results, however, suggested that the processes 1n- 
Volved in handling information in the visual system 
Were closely associated with those of learning and 
Memory, 


In experiments using the microgenesis paradigm, 


Hershenson (1969) obtained response distributions 
Which looked like “perceptual” results by ee У 
ys to be 


Memorize the population of letter arra x 
Presented. The letter-position curves did approxi- 
Tate visual anatomy, yielding an inverted U-shaped 
unction with highest perceptibility around the point 
of fixation, dropping off the farther the letter was 
Tom the fixation point. Hershenson concluded that 
Tovitz and Schiffman (1965) were probably dealing 
With responses which, to a large extent, reflecte 
Postperceptual processes. 
Although Herkhensonla data strongly suggested 
at perceptibility was a function of position — 
© the fixation point, this variable was confounde: 
With position in sequence. The present study зера 
ates these variables, testing whether position wit 
Tespect to fixation point or relative position in 
“quence determines what is perceived. To accom- 
Plish this, point of fixation was varied within “i 
Paradigm used by Hershenson to produce the rat a 
arked changes in the perceptibility, Tankian P^ 
the Pattern of responses is indeed isomorp ji к 
© percept—if the postperceptual processes s 
en eliminated—then perceptibility should be а 
unction of point of fixation and little else. 
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Method.—The stimuli were arrays of letters differ- 
ing in order of approximation to English (AE) and 
English words. The arrays were lettered in black 
on white cards with a lettering stencil (Leroy No. 
3240-240C, pen No. 3233-4) They were 2i in. 
wide and 1 in. high, subtending a horizontal visual 
angle of 33° 

There were three groups of six Ss each: trained- 
no guess (TNG), naive-no guess (NNG), and naive- 
guess (NG). Each member of the TNG group was 
given a set of cards containing the 30 arrays to 
memorize at his leisure. When S felt he had com- 
mitted the list to memory, he was tested in the 
tachistoscope to determine whether he could recall 
each array after a brief exposure. A duration was 
selected (less than 10 msec.), for which .S could 
report seeing only one or two letters of a seven- 
letter array. Each array was presented at this dura- 
tion and S was required to spell it out. When S was 
able to reproduce over 95% of the letters in all the 
arrays, he was permitted to begin the experiment 
proper. The NG group was instructed to guess the 
letters they had been shown; the TNG and NNG 
groups were instructed not to guess but to report as 
best they could the letters they had seen. 

Prior to the experiment proper, durations and 
reflectances were determined for each S that re- 
sulted in his perception and report of two or three 
letters per exposure. These durations ranged from 
15 to 28 msec. with a mean of 20 msec.; and the 
reflectances, measured with a Pritchard photometer 
(Model 1970-PR), ranged from 20 to 75 ftl. with 
a mean of 63 ftl. 

The arrays were exposed in one channel of a 
Scientific Prototype three-channel mirror tachisto- 
scope (Model GA). A second channel, serving as an 
adapting field, contained two faint lines demarking 
the area in which the arrays would appear. A back- 
illuminated red fixation dot was provided in either 
the second, fourth, or sixth positions, centered 
between the faint lines. The S initiated each trial 
by pressing a button when he was giving maximal 
attention to the proper fixation point. 

For each S, 30 arrays were randomly selected 
from the larger list of 65 arrays used by Hershenson 
(1969, Exp. П); six from each of the zero-, first-, 
second-, and third-order AE lists and the list of 
English words. Thus each S saw a different but 
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partially overlapping set of arrays. Thirty arrays 
were presented to each S according to a previously 
determined individually selected random order; 
each S saw two arrays in each of the five AE 
categories for each fixation point. The point of 
fixation was determined by position in a Latin 
“athe Ss were given prior knowledge of the stimulus 
array to be exposed by showing it in the tachisto- 
scope while E spelled it aloud. This procedure, 
together with complete learning of the stimulus 
population for the trained Ss, was intended to 
eliminate any differential forgetting for arrays of 
different AEs (Haber, 1965; Hershenson, 1969) and 
to ensure perceptual report (Hershenson, 1969; 
Natsoulas, 1967). 

The Ss were 18 graduate and undergraduate 
students at the University of Wisconsin. Each was 
tested individually in a 1-hr. session. 

Results and discussion.—A four-way analysis of 
variance was performed on the number of letters 
correctly reported. The main effects of fixation point 
(ЕР), F (2, 30) = 605, p < .01; letter position 
(LP) Е (6, 90) = 2.37, p «.05; and stimulus 
structure (AE), F (4, 60)=8.76, p < .01; were 
significant. The FP X LP interaction, F (12, 180) 
—49.51, p < .01, was the only interaction which was 
significant. 

The overriding determiner of perceptibility was 
the point of fixation. This is clearly seen in Fig. 1 
which shows perceptibility, measured by the per- 
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Fic, 1. Perceptibility as a function of letter position for 
fixation at Positions 2, 4, and 6 for all 18 Ss. 
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centage of letters correctly reported, as a function 
of letter position for the three fixation points. There 
were no differences among the groups nor did letter 
position by itself appear to be an important deter- 
miner of perceptibility. 

The results are surprising in their simplicity only 
because a number of Es (e.g. Bryden, 1966; Crovitz 
& Schiffman, 1965; Crovitz, Schiffman, Lipscomb, 
Posnick, Rees, Schaub, & Tripp, 1966; Mewhort, 
1966) have reported findings suggesting that infor- 
mation processed in the visual system is somehow 
transformed by processes closely associated with 
learning and memory. The conclusion that these 
processes were postperceptual is substantiated by 
the present results. It should be clear, then, that 
the interpretation of the results from experiments in 
seeing and reporting briefly exposed arrays depends 
on operations used to interpret the role of postper- 
ceptual processes. If S is permitted to include in his 
report items from sources other than the visual 
image, then these items should certainly change the 
shape of the response functions. 

Although Hershenson (1969) found differences 
between the equivalent of the TNG (Exp. II) and 
the NNG (Exp. I) groups, even on the first exposure, 
the instructions and training had little effect on the 
response distributions in the present study. Reports 
of all three groups were similar in that they all 
reported their visual images suggesting, perhaps, 
that the emphasis on fixation and on knowing about 
what S "saw" overrode all other factors. 
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SHORT-TERM MEMORY AS A FUNCTION OF STORAGE LOAD! 


DAVID G. ELMES? 


Washington and Lee University 


A running PA task was used to examine the role of storage load (SL) in STM 
while the potential retroactive and proactive inhibition (RI and PI) effects of 
the items contributing to SL were held constant or minimized. The 32 Ss were 
presented 16 lists in which the SL at the time of recall of a particular “critical” 


pair was 1, 2, 


3, or4. Correct recall of the critical items was inversely related 


to SL. Thus, SL in the absence of differential RI and PI is an important 


determiner of short-term retention. 


The storage load (SL) for a given item is the 
number of other items, presented both before and 
after a given item, that have not been tested for 
retention by the time of recall of that item (Lloyd, 
Reid, & Feallock, 1960). Reid and his associates 
(Lloyd et aL, 1960; Reid, Lloyd, Brackett, & 
Hawkins, 1961) have found that the recall of cate- 
gory members in a continuous short-term memory 
(STM) task decreases with increases in the SL 
averaged over a number of recall points. In their 
experiments the effects of various SLs were observed 
While the potential proactive and retroactive inhi- 
bition effects of the items contributing to SL fluc- 
tuated unsystematically (Postman, 1964; Reid et al., 
1961). When these factors are controlled, there is 
only suggestive evidence that SL functions in the 
manner found in earlier studies. For items with 
equivalent retention intervals and with proactive 
inhibition equated in various conditions, Elmes 
(1969) has shown that recall is poorer when the SL 
at the time of recall is five than when it is three. 

If the memory capacity demands placed on S 
(i.e., SL) are important determiners of STM (e.g. 
Elmes, 1969; Postman, 1964), then it would seem 
important to examine the effects of several SLs оп 
STM while controlling for differences in retroactive 
and proactive inhibition among the SL conditions. 
Such was the purpose of the present experiment. 

Method,—Thirty-two introductory peydtalots 
Students at Washington and Lee University serve 
as Ss. An automatic slide projector presented the 
materials at a 2-sec. rate. The stimuli and response 
were one- and two-syllable English words hom a 
frequency of occurrence of at least 50 per million 


(Thorndike & Lorge, 1944). | . i 
The Ss’ task wasia running paired-associate tak 

which is essentially an abbreviated opr 

Memory task and is described in greater detail e 


Where (Elmes, 1969). Each S received d 
5-7 pairs. Each pair was presented once an еч 
for retention once. Опе pair in each list wa 
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nated a "critical" pair, but from the Ss’ point of 
view the critical pair was the same as other pairs 
in the list. At the recall points of the critical pairs, 
the SL was 1, 2, 3, or 4; however, the same events 
(a recall point and then a pair which was then tested 
for retention) filled the retention interval of each 
critical item. The number of pairs (3-5) preceding 
the critical one in each list varied slightly, but small 
variations in the number of prior pairs in the running 
task have been shown to have little effect on critical 
item retention (Elmes, 1969). The sequence of 
events when SL —2 was as follows (the lowercase 
letters designate the presentation and recall points 
of particular pairs): present a, present b, recall a, 
present c, present critical item, recall b, present e, 
recall e, recall critical item, recall c. 

The Ss were tested individually and were рге-, 
sented the same 16 lists which represented fo 
repetitions of each SL condition. Counterbalancir 
assured that each SL condition occurred first equall 
often in each block of four lists presented. The 
critical pairs were moved to another list after every 
two Ss were tested, so that by the end of the experi- 
ment each critical item was presented in each list 
twice and in each condition eight times. There was 
a 30-sec. interval between each list. 

Results.—Primary interest is on the retention 
scores of the critical items. These are the items that 
had SLs of 1, 2, 3, or 4 at the time of recall but had 
equivalent retention intervals. Improvements in 
recall of the critical items across the four blocks were 
essentially the same in each SL condition. Thus for 
purposes of analysis, the recall scores in each condi- 
tion were collapsed into two blocks. In each block 
a single S could have from 0 to 2 correct recalls of 
the critical items in each SL condition. 

The total numbers of critical items correctly re. 
called in each block of eight trials are shown in 
Table 1. The decrease in correct critical item recall 
with increases in SL is highly reliable, F (3, 93) 
=7.87, p < .001. The Tukey (a) test (Winer, 1962) 
indicated that fewer critical items were recalled 
correctly when SL was four than when it was one or 
two and fewer correct recalls when SL was three 
than when it was one. None of the other differences 
were reliable (a difference of at least 13 total correct 
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TABLE 1 


TOTAL NUMBERS ОР CRITICAL ITEMS CORRECTLY RECALLED 
IN EAcH BLOCK or EIGHT TRIALS 


Storage load Block 1 Block 2 Total 
26 33 59 

E 19 30 49 

3 14 23 37 

4 7 18 25 
Total 66 104 170 


Note.—The maximum possible correct is 64. 


critical items in each SL condition is significant at 
the .05 level). A 

As shown in Table 1, more critical items were re- 
called correctly in the second block of trials than in 
the first, F (1, 31) 212.85, p < .005. 

Discussion.—1n the present experiment the STM 
of pairs of English words was detrimentally affected 
by increases in the number of other pairs that Ss 
were required to remember. Unlike most earlier ex- 
periments, the present situation permitted an assess- 
ment of the role of SL in STM while differential pro- 


active and retroactive effects were controlled or 
minimized. Since the present results are highly 
similar to the previous findings of an inverse relation- 
ship between SL and STM, the generality of the 
earlier data is confirmed. The memory requirement 
imposed on S is an important determiner of short- 
term retention. 
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The effect of type of familiarity 
studied in a recognition task in w 
tive views of a tilted form, 
from the vertical) seen previously. 
of differential acuity for the tilt o 
related to familiarization type. 
view produced a response effec 
all tilted views of that form. 
tilted view of a form produce: 


with the shapes of stimulus forms was 
hich Ss selected, from a series of perspec- 
views matching a standard view (tilted 25° 

After allowance was made for the nature 
f plane, nonsense forms, two effects were 
Prior familiarity with a single perspective 
t, an increase in overall recognition rates for 
Only prior familiarity restricted to a radically 
d the constant error effect under image 


instructions commonly accepted as shape constancy. 


In his early work on shape constancy, 
houless (1930) described the distinction 
tween the phenomenal shape of a plane 
form (its apparent shape) and its perspec- 
tive shape (projected image). This distinc- 
tion was defined for a particular type of ex- 
Perimental procedure. For example, a cir- 
Cular disk mounted on a horizontal axis 
Normal to the line of sight was inclined 
Somewhat to S's view. The $ was then 
asked to match his oblique view of the in- 
Clined disk in choosing an ellipse normal to 
€ line of sight. The matching ellipse 
chosen was typically more circular than the 
actual perspective view of the disk, and 
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Thouless suggested this constant error repre- 
sented a partial "regression to the real ob- 
ject.” The “real object" was the circular 
disk, and the suggestion was that the ap- 
parent shape of a plane figure viewed at an 
angle is a compromise between the real 
shape as remembered and the perspective 
shape as viewed. 

The nature of this compromise depends on 
the task given to S (Epstein & Park, 1963, 
pp. 269-270). Although many types of in- 
structions have been used, Lichte and Bor- 
resen (1967) reported results validating 
just two different types of task instructions. 
One of these, image instructions, sets the 
task as Thouless did. The S is asked to 
match or reproduce what he sees: the oblique 
view of a plane form. Object instructions, 
on the other hand, direct S to match or re- 
produce the full-face view of the form he 
views obliquely. 

Following customary usage, Lichte and 
Borresen applied the same term, shape con- 
stancy, to describe the results of both types 
of instructions. That is. S shows constancy 
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when he fails in the task set under image in- 
structions as well as when he succeeds in the 
task set by object instructions. _ The sup- 
position is that the same underlying mecha- 
nism operates in both cases. In the case of 
image instructions, Ss are supposed to be 
unable to respond only in terms of what they 
see in viewing a plane form obliquely, and 
their behavior is determined partly by prior 
familiarity with actual object shape. . 

The role of the crucial variable, prior shape 
familiarity, has been described only in the 
case of object instructions. Borresen and 
Lichte (1962) reported that attempts to re- 
produce the objective, real shapes of in- 
clined plane forms conformed more to their 
real shapes as a function of increased fa- 
miliarity with their shapes. 

The experiment reported here measured 
the effects of shape familiarity in the case of 
image instructions. Three types of familiar- 
ity with plane, nonsense forms were pro- 
duced by requiring Ss to draw form outlines 
repeatedly in a standard fashion. Some Ss 
drew the outline of the full-face view of 
each form, some drew the outlines of an ex- 
tremely titled version, and still others drew 
a variety of tilt versions of each form. A 
fourth group had no experimentally pro- 
duced familiarity with the nonsense forms. 

In all cases the effects of familiarity train- 
ing were measured by the same recognition 
method. After training on a single form, 5 
was shown first the standard tilt (ST) of 
that form. This was a perspective view of it 
when tilted 25? from the vertical. Then a 
series, the recognition series, of perspective 
views of the same form (the test tilts, TTs) 
was shown to S one at a time. The series 
included the ST and TTs tilted both more 
and less than the ST, For each TT in the 
series, S' was asked to state whether it was 
the same as the S'T or different from it. 

The ST and all TTs in a single recogni- 
tion series were projected silhouettes of the 
same plane form and had no discernible sur- 
face texture. Hence the basic shape of the 
form and its tilt could be derived only from 
a single stimulus source, the form outline 
shown. Obviously, without some prior 
knowledge of the object Shape of the form 
represented, 5 could not separate out aspects 
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of form outline due to tilting from those due 
to object shape. The familiarity variable 
could be a potent variable, then, since other 
means of perceptually separating the effects 
of tiling from object shape were minimally 
available. 

Having noted that, it is not easy to go on 
to state precisely why S should need to 
achieve this separation. All the TTs of a 
single recognition series represented different 
tilts of the same form. Only tilt was varied, 
and S knew that. Nevertheless, it can be 
said that the outline of a TT, all that 5 
could judge, was a complex variable for 
judgment. The outline of a TT could differ 
from that of an ST in many ways. The 
advantage of prior familiarity with the shape 
of the form represented in the ST and the 
TT, then, could be that of providing a way 
of organizing and simplifying the complex 
patterns being judged. The 5 could per- 
ceive the TTs as tilt versions of the same 
basic shape, rather than merely as unrelated 
complex polygons. Hence, even though not 
required for the task, there was reason for 
applying a shape concept in judging the simi- 
larity of different tilt views of the same form. 

From this point of view, the occurrence of 
constancy under image instructions implies 
that S makes errors in the use of a shape 
concept in this task. In the recognition series 
of this experiment, errors could appear in 
two ways. (a) Prior familiarity with the 
shape of a form seen tilted during the series 
could affect perception of the ST (or its 
memory trace) so that in looking for its 
match among the TTs, S actually looks for a 
tilt version more vertical than the ST. This 
is the traditional conception of shape con- 
Stancy under image instructions, (b) Or, 
the effect of increased prior familiarity with 
the object shape of the form seen in the 
recognition series could be to increase the 
apparent similarity of the ST and the ТТ. 
The supposition is that seeing the ST and all 
TTs as tilt versions of the same plane form, 
rather than as unrelated polygons, increases 
their perceptual similarity. 

The first possibility (a) predicts that in- 
creased prior shape familiarity would pro- 
duce an increased constant error. In the 
Tecognition series this would appear as ? 
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shift in the average tilt of all TTs judged 
the same as the ST, the shift being in the 
direction of less tilting. The second (b) 
Predicts merely an increase in the number of 
"same" judgments to all TTs, as a function 
of increased shape familiarity, a response 
effect. 

These two possible effects have not been 
Separated previously. Actually, either effect 
can produce a constant error because of the 
nature of differential acuity for perspective 
Shape. Tilting a plane form about an axis 
normal to the line of sight produces a 
smaller change in its perspective shape if the 
form was originally vertical than if it was 
already tilted somewhat. Corresponding to 
this, differential acuity for the tilt of regular, 
Plane forms is least for orientations near 
the vertical (Smith, 1956). Thus TTs more 
Vertical than the ST are more likely to be 
indistinguishable from the ST, and this indi- 
Cates a way in which a response effect alone 
can influence the degree of constancy meas- 
ured. Anything that produces an increased 
Overall tendency to respond "same" in a 
recognition series could produce relatively 
more such responses to TTs tilted less than 
the ST than to TTs tilted more because 
differential acuity is better in the latter direc- 
tion than it is in the former. Asa result, 
the average tilt of all TTs accepted as being 
the same as the ST would decrease, and this 
effect would appear as shape constancy as 
measured traditionally. | 

Hence, it was necessary to measure differ- 
ential acuity for the tilts of the TTs in a 
Separate experimental operation and neces- 
Sary to be able to predict how a pure re- 
Sponse effect, with no constant error in- 
Volved, would alter the number of same 
Tesponses to each TT in a recognition series. 
The latter was accomplished by an effective 
Judgmental model permitting the descrip- 
tion of Tesponse and constant error effects as 
Separate and distinct outcomes of the ex- 
periment, 

hese two pasic types of outcome were 
жн. аза mt ce the familiarization 
nitio “ues described and the type of pes 
NS n Series S experienced. Three bas! 
cries of TTs were used: a symmetrical 
Series; a negatively skewed series, in which 
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the distribution of tilts was skewed in the 
direction of less tilting; and a positively 
skewed series, in which the distribution of 
tilts was skewed in the direction of more 
tilting. This variation in the nature of the 
recognition series has relevance for the sug- 
gestion that shape constancy under image in- 
structions occurs because a shape concept, 
the remembered object shape, affects the way 
in which S perceives the ST and uses it as a 
standard for judging the TTs of a series. If 
so, the judgmental standard of S should be 
affected as well by other experience with the 
form, such as the successive views of the 
form seen in the recognition series. Type 
of series, then, should affect the amount of 
constant error measured, after that associ- 
ated with a response effect has been par- 
tialled out. 


METHOD 
Experiment 


Subjects—The Ss were 23 students paid on an 
hourly basis for participation in psychological ex- 
periments. Three were used in the measurement 
of differential acuity for tilt. The remaining 20 
Ss were assigned on a chance basis to one of four 
groups, 5 to each group. 

Apparatus—The Ss sat at the open end of a 
cubicle constructed on top of a laboratory table. 
A milk glass screen was inserted in a 12 X 12 in. 
square hole in the back wall of the cubicle, opposite 
S. The middle of the screen was approximately at 
eye level for S, who sat looking into the cubicle 
and facing the screen. The interior of the cubicle, 
painted gray and illuminated to normal room level, 
provided almost all of the binocular field of view of 
S. Slides exposed in a semiautomatic slide pro- 
jector appeared on the milk glass screen by back 
projection. The forms appearing on the screen 
were approximately 3 in. in diameter, and they were 
viewed from approximately 36 in. 

Stimulus forms.—Sixteen nonsense forms were 
generated by quasi-random process. At each of 12 
positions of a radius around a point on a plane, the 
length of the radius was selected by a random 
process. This provided 12 points on the outline of 
a form. These points were then joined by curved 
lines to enclose a plane form. The forms were 
transformed to stiff black paper and then cut out 
A small white dowel was glued to the back of each 
form so each could be rotated around the center of 
rotation of the dowel. This rotation produced a 
tilting of the form around a horizontal axis normal 
to the optical axis of a camera. The forms were 
photographed, at a distance of 8 ft. and using high- 
contrast film, at 11 different degrees of tilt: 0° 
(vertical), 5°, 10°, 15°, 20°, 25°, 30°, 35°, 40°, 
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45°, and 50°. Projection slides of the negatives 
were prepared, and each consisted of a solid black 
figure, showing the effects of tilt, on a clear back- 
ground. The forms had no surface texture, and 
the dowels could not be seen. Similar slides of 
three geometric figures rotated in the same fashion 
were prepared. These were a square, a circle, and 
an equilateral triangle. 

The distance between camera and forms and 
the projection distance of the slides were adjusted 
to reproduce the view S would have had of the 
forms if he had viewed them at the distance be- 
tween himself and the projection screen. Hence, 
the use of the slides destroyed only the surface 
texture of the forms. The normal effect of tilting 
on their outlines, as seen from approximately 36 
in, was faithfully reproduced. 

Procedure.—The basic procedure consisted ofa 
familiarization period, during which S could be 
some type of experience with a particular 


given се : 
form, followed by a recognition series. In the 
recognition series the ST (the form tilted 25° 


from the vertical) appeared for 2 sec, and was 
followed by 19 appearances of the same form tilted 
to various degrees. The duration of view of each 
of these test tilts (TT) was 1 sec. For each of 
these 19 appearances of TTs, S was required to 
state whether each was exactly the same as the 
ST. The instructions given S, which included 
the information that all TTs were different orien- 
tations of the same form, conform to the image 
instructions of Lichte and Borresen (1967). Im- 
mediately upon the completion of one form series 
(seeing the ST and going through the recognition 
series), S began his familiarization with the next 
form. 

Each 5 attended three sessions. Except for 
length, all sessions were alike. In each, the basic 
procedures were applied first to one of the geo- 
metric forms. Then they were applied to the 
nonsense forms. The use of a geometric form first 
in each session aided Ss in grasping the nature of 
the perceptual task by emphasizing the fact that 
all forms in a recognition series differed only in 
degrees of tilting. All Ss were tested on all 16 
nonsense forms, each S in a different order. 

Familiarization techniques.—Four types of fa- 
miliarization routines were followed. 

Group 1 procedure: Nothing was shown to S 
prior to each recognition series procedure. He sat 
facing the screen for a period of time equal to that 
required for the procedures of the other groups 
(220 sec.). The Ss of Group 1 saw each form for 
the first time when it appeared as an ST. 

Group 2 procedure: The S was shown a 1-sec. 
flash of the form untilted (0°). He was then 
given 20 sec. in which to reproduce this form as an 
outline with pencil and paper. At the end of this 
time, the form was flashed again and the process 
continued until S had completed 11 drawings. 

Group 3 procedure: These Ss also completed 11 
drawings of each form, but each drawing was of a 


HAROLD W. HAKE AND ALBERT E. MYERS 


different tilt version of the form. For half of the 
forms, Ss began by drawing the 0° tilt version and 
then successively drew each of the tilts until they 
had completed the 50° tilt version. For the other 
half of the forms, Ss began with the 50° tilt ver- 
sion and then successively drew each of the tilts 
until they had completed the 0° tilt version. 

Group 4 procedure: This was the same pro- 
cedure as was followed for Group 2 5s except that 
Ss in this group completed 11 drawings of the 50° 
tilt version of each form. 

The Ss in Group 3 were able to see the relation- 
ship that existed among the several slides: they 
were all different tilt versions of the same form. 
In order to equate knowledge of this kind among 
the groups, all Ss were informed by instruction 
that the ST and the TT in any one recognition 
series were all tilt versions of the same basic form. 
Consequently, all were aware that the changing 
element in the recognition series was tilt and not 
the basic shape of the form. 

Recognition series—The series consisted of 19 
stimulus appearances, of which 5 were presenta- 
tions of the ST (25°) itself and 14 were TTs, 
presentations of the same form chosen so that 7 
represented the form tilted more than the ST and 
7 represented the form tilted less than the ST. 
All TTs were chosen from the 11 prepared per- 
spective views. Three different types of test series 
were used. 

Symmetrical series: The ranges of angular devi- 
ation in degrees above and below the ST were 
equal. Tilts as much as 20? more than the ST 
and as much as 20? less than the ST were used. 
For each form and for each S, these forms were 
chosen by a restricted random process. They 
were chosen in pairs such that for a TT having 
given angular deviation from the ST, another T д 
was chosen having the same deviation from the = 
in the other direction of deviation. The seven 
pairs were chosen randomly and then, along with 
the five appearances of the ST, were randomized 
into an order of presentation. 

Negatively skewed series: A range of tilts in 
the direction of less tilt extended to the limit, 10 
to 0°. The range in the direction of greater tilt 
extended only to 40°. Thus the range in one 
direction was 25° of tilt (0° to 25°), while the 
range in the other direction was only 15° (25° {0 
40°). There was an equal number of tilts in the 
range including 0° and 20° and in the range in^ 
cluding 30° and 40°. These 14 tilts and the five 
STs were randomized into an order of presenta- 
tion. 

Positively skewed series: The range of tilts in 
the direction of more tilting extended to the limit- 
ing value of 50°, and the range in the direction ° 
less tilting extended to 10?. Seven tilts were in 
the range including 10° and 20°, and 7 were in t e 
range including 30° and 50°. These 14 tilts ап 
five STs were randomized into an order of prese" 
tation. 


FAMILIARITY AND SHAPE CONSTANCY 209 


Measurement of Differential Acuity for Tilt 


Three Ss were tested in the apparatus used in 
the main experiment. Acuity for differential tilt 
was measured using five of the nonsense forms. 
For each of the five forms, tilts of 0°, 10°, 20°, 30°, 
40°, and 50° from the vertical were adopted as 
standard tilts (STs). A constant psychophysical 
method was followed to determine the relative 
frequency with which Ss would accept comparison 
tilts (CTs) as being identical to an ST as a func- 
tion of the degree to which they differed from the 
ST. Comparison tilts for each ST were chosen 
on the basis of a preliminary session. 

Stimulus forms were presented in pairs, 
pair consisting of an appearance of the ST for 1 
sec., followed after 2 sec. by а 1-ѕес. appearance of 
a CT. The S was asked to state after each pair 
whether the two tilts were identically the same or 
different. Each of the six CTs for each ST was 
compared with the ST a total of 50 times. All 
comparisons involving the tilt versions of a single 
form were completed before the acuity for another 
form was measured. Each of the three Ss experi- 
enced four experimental sessions of about li-hr. 
duration each. For each ST the data of the three 
Ss were combined. The critical data were the 
number of times each CT was judged the same as 
the ST. For each CT this number was divided by 
the total number of appearances of the CT to form 
а proportion, the acceptance rate. 

The acuity data were used in developing a model 
to be applied to the results of the main experi- 
ment. Although the model specifies the mode of 
action of Ss in the judgmental task described, its 
Major purpose was to provide a means of data 
analysis. permitting the separate specification. of 
three aspects of performance in the recognition 
Series. These aspects included (a) the PSE, an 
estimate of the CT corresponding to the maximum 
acceptance rate; (b) the acceptance region, the 
range of perceived tilts that led 5 to respond 
Same"; and (c) scale values for the CT, their 
Psychological distances from the PSE as indicated 
Y the acceptance rates. 

{ PSE.—It was supposed that 
Or tilt should be proportional, 
the cosine of degree of tilting. In that event the 
Measured acceptance rates should be related. in- 
Versely to the absolute value of the quantity 
Соз (ST) —Cos(CT) |. Accordingly. the measured 
acceptance rates were plotted first against these 
absolute values. In the case of all STs. the points 
for CTs tilted more than the ST were out of line 
With the points for CTs tilted less than the ST. 

n iterative procedure was then followed to find 
à value of PSE in ICos( PS) - Cos (CT! pro- 
Ucing the maximum alignment of points. This was 
aided at this stage by transforming the acceptance 
Fates to probits (Finney, 1947) and minimizing 
Variation around a least squares fit to а line. Fig- 
"re 1 illustrates the result for the 30° ST. In the 
igure the acceptance rates for the 30° ST are 


each 


differential acuity 
approximately, to 
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Fic. 1. The relation between acceptance rate 


and the absolute difference between the cosines of 
the PSE and the comparison tilts. (The fitted 
line assumes a maximum acceptance rate of .88 
for a PSE of 30°34’. Implied scale values of 
comparison tilts are at the top.) 


plotted against |.861—Cos(CT) |. The value .861 is 
the cosine of 30°34’, the PSE, a value producing a 
better fit than did .866, the cosine of 30°, the ST. 
This method of solving for the PSE is a sensitive 
method in which small changes in PSE produce 
considerable change in the alignment of points. 
Similar precision of fits for the other ST indicated 
that the acceptance rates could be assumed to be 
related to |Cos(PSE)—Cos(ST)|, with PSE de- 
rived by the method described. The nature of this 
relationship, as indicated by the curve shown in 
the figure, is derived as a part of a judgmental 
model. 

Acceptance region.—The acceptance region is 
defined in terms of a simple judgmental model 
based on the Thurstone scaling model (see Torger- 
son, 1958, Ch. 8). It is assumed that when a CT 
is shown to S, its apparent tilt is a random sample 
from a normal population of possible apparent 
tilts. This assumption is illustrated in Fig. 2. 
At the top, a normal curve represents the distribu- 
tion of possible apparent tilts resulting from the 
presentation of a CT equal to the PSE. The possi- 
ble apparent tilts cover a wide range, and this is 
true also in the center and bottom of the figure 
where the distributions of possible apparent tilts 
resulting from the presentations of CTs tilted more 
and less than the PSE are drawn. 

In the face of this variability of experience possi- 
ble in the case of any one CT, Ss can make their 
decisions about the presented CT only by establish- 
ing a constant acceptance region, a range of ap- 
parent tilts that lead to saying “same.” All ap- 
parent tilts outside this range are called “different.” 
Where both the width of the acceptance region and 
the distance of the means of the CT distributions 
from the PSE are specified in terms of the assumed 
common standard deviation of all apparent CT 
distributions, it is possible to derive from tables 
of the standard normal curve the areas in each CT 
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Fic. 2. Hypothetical distributions of apparent tilts that can be evoked by 
a comparison tilt equal to the PSE (top) or tilted more (middle) or less 
(bottom) than the PSE. (The S responds "same" in any case if apparent 
tilt falls within the acceptance region.) 


distribution over the acceptance region. These 
acceptance areas are given in the figure for a 
distribution assumed centered on the PSE, for one 
with its mean two standard deviation units to the 
right of the PSE (in the direction of more tilt), 
and for one with its mean one standard deviation 
unit to the left. 

The acceptance areas depend on the width of the 
acceptance region, a matter assumed under control 
of Ss, who are assumed to adopt and use for all 
CTs an acceptance region producing a satisfying 
and reasonable assignment of responses to apparent 
stimuli. The role of the acceptance region, then, is 
like the role of S's criterion of judgment in the 
general theory of signal detectability (Swets, Tan- 
ner, & Birdsall, 1961). 

The size of the acceptance region can be derived 
from the maximum acceptance rate which would 
occur for a CT equal to the PSE. Since the CTs 
used did not in any case correspond exactly to 
the derived PSEs, the maximum acceptance rates 
were estimated in the curve fitting procedure de- 
scribed in the next section. 

Scaling the comparison tilts.—If one knew the 
actual width of the acceptance region, then this 
could be used in solving for the scale value of a 
CT. As in Fig. 2, if one knew that the maximum 
acceptance rate is .6826, then the acceptance re- 
gion, as centered on the PSE, must be two stan- 
dard deviation units wide. Then an acceptance 
rate of .1574 for a CT implies that the mean of 
the apparent tilt distribution for that CT was two 
standard deviation units to the right or left of 


the PSE. This value of two units is the defined 
scale value for that CT, the sign being given by 
the tilt of the CT relative to the PSE. E 
In practice, a trial value of the acceptance region 
was derived for each ST from a plot like that m 
Fig. 1. That is, a separate plot for each ST was 
used to estimate a maximum acceptance rate. This 
rate indicated the size of acceptance region use’ 
in comparing all CTs to that ST. Given this 
region size, the obtained acceptance rates for the 
CTs were used in assigning scale values to the 
CTs, following the logic of the previous paragraph: 
This approximate scale value for each CT, n 
standard deviation units, was then plotted against 
the corresponding value of ICos(PSE) -Cos( CT) i 
If it is assumed that the quantity described by 
|Cos(PSE)—Cos(CT)| is the variable actually 
judged by Ss, then the other assumptions made 
demand that a correct estimate of the acceptance 
region size will produce a linear relation betwee" 
the scale values of the CTs and values of |C°S 
(PSE)—Cos(CT)|. An iterative procedure WS 
followed until a proper choice of acceptance region 
size yielded an optimum fit of points in the plot {0 
a straight line. The scale value of any possible 
was then given by the fitted linear relation betwee" 
scale value and |Cos(PSE) —Cos(CT) |. These 
scale values were then used to derive theoretic? 
acceptance rates for all possible CTs. " 
The theoretical acceptance rates derived for th 
30° ST are shown by the curve drawn in Fig- a 
The linear relation between the scale values of p^ 
CT and values of |.861—Cos(CT) | is indicated 
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the relation between the scales at top and bottom 
of the figure. These values were derived using an 
acceptance region 3.12 standard deviation units in 
width, extending from —.064 to +.064, in values 
of |Cos(PSE)—Cos(CT)|, or from 22°20’ to 
37°%. This acceptance region extends farther from 
the PSE, 30°34’, in the direction of less tilting. 
Similar results were obtained for the other STs. 

In summary, the derivation of the PSE, the 
width of the acceptance region, and the scale values 
of the CT for any set of recognition data were 
derived from two reduction processes. The first 
evolved the PSE, permitting the best alignment of 
Points in a plot of acceptance rates against values 
of |Cos(PSE)—Cos(CT)|. The second process 
evolved the acceptance region (corresponding to 
the maximum acceptance rate at the PSE), permit- 
ting the best fit of a straight line to the scatter of 
Points in the plot of estimated CT scale values 
against values of |Cos( PSE) —Cos(CT)|. These 
are iterative and related reduction processes, both 
the PSE and the acceptance region evolving as best 
values. However, because of the precision of the 
data, usually the first two or three cycles of the 
procis were sufficient to evolve adequate data 

ts, 

The asymmetry of the acceptance regions around 
the PSEs, which results from the nature of differ- 
ential acuity for the tilt of the CTs, produces 
Constant errors conforming to the concept of con- 
Stancy under image instructions. For example, the 
mean tilt judged equal to the 30° ST was 27°56’, 
and the median tilt was 23°52’. If the three Ss 

ad used a more narrow acceptance region, 1.76 
Standard deviation units in width, the theoretical 
acceptance rates indicated by the dashed curve of 
Fig. 3 result. These acceptance rates, which as- 
Sume the real PSE is still at 30°34’, yield a mean 
of 28°41’ for the CTs and a median of 24 22’. 
The solid curve assumes an acceptance region of 
3.12 standard deviation units for the 30° ST, as in 

ig. 1. Thus, a simple reduction of S’s tolerance 
for differences, a reduction in the acceptance region, 
reduces the extent of constancy computed by tradi- 
tional means, Since the judgmental model de- 
Scribed and its associated analytical techniques 
Produce an estimate of the PSE and degree of 
judgmental tolerance as separate features, at 
eliminates the artifactual effects reflected in meani 
and medians computed for recognition — th 
Provided the analysis required for the data of the 


r М 
main experiment. 


RESULTS 


As in the case of the acuity data, ап ac- 
Ceptance rate was defined for each test tilt 
TT) as the ratio of the number of times 
“ach was judged the same as the ST to the 
Stal number of times each appeared in the 
Tecognition series. Acceptance rates were 
Computed for each TT, over all the recogni- 
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tion series of the same type. Hence, the 
rates for each series in each group include 
the data for five Ss and for the particular 
set of five or six forms used for each S in 
each series type. 

Acceptance rates as a function of degrees 
of tilt—The acceptance rates are plotted in 
Fig. 4 for each type of recognition series in 
each type of familiarization group. 

The outstanding features of the data in- 
clude higher overall acceptance rates for Ss 
of Group 2 and Group 4 and relatively high 
acceptance rates in all groups for TTs tilted 
less than the ST (25°). These features of 
Fig. 4 are supported by an analysis of vari- 
ance in which type of familiarization 
(groups) was a between-Ss effect and rec- 
ognition series and tilt were within-S effects. 
Only acceptance rates for the 10°, 15°, 20°, 
25°, 30°, 35°, and 40° TTs were included 
in order to provide comparable measures 
for all recognition series. The analysis was 
based on acceptance rates computed for each 
TT within each series for each individual 5. 
Hence the average rate of acceptance over- 
all for each S measures his willingness to 
respond “same” over both types of TT, cor- 
rect and incorrect. 

The differences among the groups in over- 
all acceptance rates, corresponding to the 
heights of the average curves in Fig. 4, 
are significant, F (3, 16) = 5.96, 5 S 101. 
Further analysis of the three degrees of 
freedom associated with this comparison 
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Fıc. 3. The acceptance rates of Fig. 1 plotted 
against the scale values of the comparison tilts 
measured on either side of the PSE. (The dashed 
curve represents theoretical acceptance rates for 
an S with a smaller acceptance region.) 


212 
1.0 
—--e SYMMETRICAL SERIES 
E eal- ——O NEGATIVELY SKEWED 
= [D POSTIVELY SKEWED 
ш 
o 
- 
«X 
= 
a 
ul 
o 
o 
«X 
10 20 30 40 
DEGREES OF TILT 
LO 
Ps 
<q 
a 
uu 
o 
z 
4 
E. 
а. 
ш 
о 
o. 
= GROUP 3 
10 20 30 40 
DEGREES OF TILT 
Fic. 4. 


HAROLD W. HAKE AND ALBERT E. MYERS 


LO 


EB 

ч 

a 

ш 6 

o 

z 

É a4 

a 

ш 

о 

9 2 

= GROUP 2 

10 20 30 40 
DEGREES OF TILT 

10 

ш 

к 

ч 

c 

ш 

о 

= 

я 

E. 

a 

ш 

o 

o è 

ч 


GROUP 4 


10 20 зо 40 
DEGREES OF TILT 


The acceptance rates for the three types of recognition series used in each group. (The stan- 


dard tilt was 25? in all cases.) 


indicated that this significance is associated 
entirely with the comparison of the average 
of Group 1 and Group 3, combined, with 
the average of Group 2 and Group 4, com- 
bined. The Ss of Group 2 and Group 4, who 
drew either the full-face version of a form 
(0° of tilt) or else the radically tilted ver- 
sion of a form (50° of tilt) prior to the rec- 
ognition series, made significantly more 
“same” judgments in all recognition series 
than did Ss in the remaining groups, who 
either did not draw at all or else drew all tilt 
versions prior to the recognition series. 
These differences in group acceptance rates 
offered support for the hypothesis that dif- 
ferences in prior familiarity with the forms 
would produce differences in the overall 
similarity of the TTs and the ST within each 
recognition series. 

Type of recognition series and interac- 
tions involving it were not significant varia- 


bles, indicating that overall acceptance rates 
were not related to the distribution of TTS 
in the recognition series. Test tilt was а 
significant variable, F (6, 96) = 3777. Р < 
.001. The Tilt x Group interaction, F (18. 
96) = 1.77, р < .05, indicated reliable group 
differences in the shapes of the curves 0 
Fig. 4. The latter outcome suggested that 
the familiarity procedures applied to the 
groups produced systematic differences !! 
acceptance rates for individual TTs. This 
raised the possibility of real differences i" 
PSEs among the groups. 

Adjustment for differential acuity and 
acceptance regions.—The acceptance rates 
combined over series and over all Ss in each 
group were plotted against values of |Co$ 
(PSE)—Cos(TT)! and a value of Cos 
(PSE) obtained that best aligned points for 
all TT. The rates for Groups 1, 2. and * 
could all be fitted adequately using the same 


FAMILIARITY AND SHAPE CONSTANCY 


value of Cos(PSE), .917, corresponding to 
PSE = 23°30. Hence the PSE was the 
same for all three groups and demonstrated 
a minor constancy effect for all. 

The acceptance rates of Ss in Group 1 and 
Group 3 could be adequately accounted for 
by assuming the same acceptance region 
(1.24 standard deviation units in width) 
for both groups, extending from 11°46" to 
31°14’. Resulting TT scale values for the 
two groups were somewhat different. The 
results for the two groups are shown in Fig. 
5. This figure is of the same basic form as 
that of Fig. 3 except that the scale value of 
zero has been shifted arbitrarily to 25° of 
tilt. In the figure the maximum of the 
curve fitted to the points for Group 1 and 
Group 3 is at —.12, corresponding to a PSE 
of 23?30' for both groups. The figure 
indicates that drawing all tilt versions 
(Group 3) or drawing none (Group 1) re- 
Sults in the same tendency to respond 
"same" overall (same acceptance region 
Width) and the same PSE. The Ss in 
Group l may have been somewhat better in 
discriminating among the ТТ, as indicated 
by the greater spread of TT scale values for 
that group. In terms of the traditional defi- 
nition of constancy as a constant error (shift 
in PSE), no difference exists between these 
two groups. . . 

The acceptance rates of Group 2, in which 
Ss drew the untilted version only, were ac- 
Counted for by assuming the same PSE as 
for Group 1 and Group 3 (23°30°) but a 
arger acceptance region. The acceptance 
Tegion of Group 2 evolved to be 1.94 stan- 
dard deviation units in width. extending from 
6*1 to 32°55’. The resulting scale values 
or the TT are identical to those for Group 


The curve fitted to the acceptance rates Ur 
"Toup 2 indicates theoretical rates derived 
9n the basis of the PSE and acceptance re- 
Sion indicated. The curve fitted to the "S. 
Ceptance rates for Group 1 and Group 3 is 
the same curve, with the exception that the 
Smaller acceptance region is assumed. M 
Seems clear that the only effect of familiarity 
With the full-face view of the forms pro- 
“Need prior to the recognition series (Group 
2 as compared with no prior familiarity 
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Fic. 5. The average acceptance rates for each 
group plotted against the derived scale values of 
the test tilts. (The fitted lines imply specific val- 
ues for the PSE and size of acceptance region for 
each group.) 


(Group 1), was simply an increased tendency 
to respond “same” overall. No shift in PSE 
or in the scaling of the TTs was involved. 

The repeated drawing of the 50° tilt ver- 
sions of the forms prior to the recognition 
series by Ss of Group 4 produced both an 
increase in acceptance region, as compared to 
the control Ss of Group 1, and a marked 
shift in PSE to 18°47’. The acceptance 
region was 2.22 standard deviation units in 
width, extending from near 0° to 30°50’. 
The scale values of the TTs were somewhat 
different from those for Group 1 and Group 
2. The line fitted to the Group 4 data in 
Fig. 5 designates theoretical values indicated 
by the PSE and acceptance region of that 
group. The maximum is at —.50, corres- 
ponding to the PSE of 18°47’. 

In summary, the analysis of the acceptance 
rates of the four groups, in terms of the 
judgmental model described, indicates two 
major effects of the familiarity variable. 
Prior familiarity with the full-face version 
of the forms produced a marked increase in 
the acceptance region of Ss. This produced 
an increase in acceptance rates over all TTs 
but no shift in the PSE. Prior familiarity 
with a radically tilted version of the forms 
produced an increase in acceptance rate and 
a marked shift in PSE in the direction of 
shape constancy. Drawing all tilt versions 
prior to the recognition series may have 
altered the scaling of the TT somewhat, but 
produced no effect on the PSE or the ac- 
ceptance region. Hence, almost all the tra- 
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ditional constancy effects indicated in Fig. 4, 
except for the Group 4 data, were accounted 
for by the nature of differential acuity ior 
tilts and by changes in response rates intro- 
duced by the familiarization training. The 
exception, a shift in the PSE produced in 
Group 4, appears to be a type of contrast 
effect rather than the assimilation effect im- 
plied by the Thouless statement, “regression 
to the real object.” The PSE was shifted 
away from the tilt version with which Ss 
had prior familiarity. 


DISCUSSION 


These results support the underlying ra- 
tionale of the experiment, the suggestion that 
shape constancy is a complex affair. Certainly, 
the two suggested effects of the familiarity 
variable, a response effect and a constant error 
effect, were both demonstrated in the case of 
image instructions and reduced viewing. Prior 
familiarity with a single view of a plane, non- 
sense form led to increased judgmental toler- 
ance, perhaps because of the increased apparent 
similarity of all tilt versions of that form, but 
not necessarily to the constant error called 
shape constancy. Increased constancy, when 
defined restrictively as a shift in PSE with the 
significant response effect partialled out, did not 
occur after Ss were given prior familiarity with 
the full-face shape of a plane form; and this is 
a notable denial of the Thouless notion. 

This was the result under the conditions of 
this experiment. It is difficult to say whether 
a response effect hides a similar result in the 
case of other work involving object instructions 
and more natural viewing. The adjustment 
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method has been the method of choice, and it 
is difficult to tease out response effects in that 
method. It is clear, however, that constancy 
research should permit a separate evaluation of 
a possible response effect, a change in judg- 
mental tolerance, produced by variables under 
study. This is especially critical in work in- 
volving shape constancy because of the nature 
of differential acuity for alterations in the ap- 
pearance of plane forms due to the tilting vari- 
able. A simple shift in judgmental tolerance 
can produce a change in constancy as tradi- 
tionally measured. 
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ANALYSIS OF STIMULUS GENERALIZATION WITH A 
PSYCHOPHYSICAL METHOD * 


ERIC G. HEINEMANN,? EDWARD AVIN, MARY ANNE SULLIVAN, 
AND SHEILA CHASE 
Brooklyn College of the City University of New York 


Five groups of pigeons were trained to discriminate between two intensities 
(1. and Is) of white noise by pecking one key for I; and another for 1.. 
The difference between 1, and I: was 29 db. for two groups, 7 db. for two 
groups, and 2.3 db. for one group. After the learning curves had reached 
asymptotic levels, generalization to other intensities was measured. Gen- 
eralization curves (proportion of responses to one key vs. stimulus intensity ) 
have the sigmoidal form of psychometric functions. The slope of these 
functions varied inversely with the difference between Iı and I. An analy- 
sis based on the theory of signal recognition and a concept of “attention” 


was presented. 


Although it has often been suggested that 
there is a close relationship between the 
Shape of "gradients of stimulus generaliza- 
tion" and psychophysical measures of dis- 
criminability, the nature of this relationship 
has remained somewhat obscure. The rea- 
sons for this lie partly in the wide differences 
between the methods and dependent variables 
used in experiments on generalization and in 
Psychophysical experiments. Experiments 
on stimulus generalization are usually done 
With a “go, no-go” method; with the mag- 
nitude or latency of response or, most often 
recent experiments, the rate of emission 
of an operant as the dependent variable. 
Psychophysical experiments, on the other 
hand, typically involve two or more recorded 
responses (e.g. "yes," "no," Or louder, 


“softer”), with the proportion of trials on 
Which each response occurs as the dependent 
Variable. 


1 was undertaken in 
he relation. between 
' and of “differ- 


The present researcl 
an attempt to clarify t 
* H y 

Measures of “generalization 
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ential sensitivity” and to evaluate the ap- 
plicability of theories developed in psycho- 
physics to the phenomena of generalization. 
The psychophysical method of single stimuli 
with two response classes was used to in- 
vestigate the effect of the size of the stimulus 
difference used in discrimination training on 
the form of subsequently determined “gradi- 
ents of generalization.” 


GENERAL METHOD 


Subjects.—The Ss were 20 White Carneaux 
pigeons, approximately 2 yr. of age at the begin- 
ning of the experiment. They were maintained by 
restricted feeding at 80% of their free-feeding 
weight. 

Apparatus—The apparatus was a three-key 
Grason-Stadler pigeon chamber with associated 
automatic control and recording equipment. A 
Grason-Stadler noise generator, Model 901B, in 
conjunction with a series of attenuators was used 
to produce white noise stimuli covering an intensity 
range of 65-100 db. re :0002 dyne/em?. Sound 
intensities were measured with a calibrated micro- 
phone placed in front of the response panel in the 
approximate position of the pigeon's head. Sound 
intensities were also measured at several other po- 
sitions near the response panel. The variation of 
intensity with position did not exceed 1 db. 

During the generalization tests, latencies were 
measured with a print-out counter that was driven 
by an elect ronic timer at the rate of 10 counts/sec. 


ExPERIMENT T 
Preliminary Training 


After Ss were trained to eat from the food 
magazine, the center key was illuminated and 
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Ss were trained to peck at this key by the 
method of successive approximation. A 
single peck at the key caused the key light to 
go off and the food magazine to be raised for 
a period of 2.3 sec. 

An intertrial interval varying in duration 
from 5 to 35 sec. was gradually introduced. 
During the intertrial interval the center key 
was not illuminated and responses were not 
reinforced. At the start of a trial the center 
key light came оп and remained on until 5 
pecked the key. After 10 such trials on the 
center key, there were 45 trials in which one 
of the three keys, selected at random, was 
lighted and only a response to the lighted key 
was reinforced. 


Discrimination Training 


Stage 1.—The onset of each trial was sig- 
naled by the illumination of the center key 
and the simultaneous presentation of white 
noise at one of two levels of intensity (I; or 
Із). For Group 1 (four Ss) these levels 
were 68 db. and 97 db.; for Group 2 (four 
Ss) the levels were 84 db. and 91 db.; and 
for Group 3 (four Ss) the levels were 83 
db. and 85.3 db., re .0002 dyne/cm?. A peck 
at the center key caused the center key light 
to go off and both of the side keys to come 
on. A subsequent response to either of the 
side keys ended the trial by causing both the 
side key lights and the auditory stimulus to 
go off. In addition, if the response was to 
the key (left or right) that was defined as 
correct for the auditory stimulus presented 
during the trial, it was followed by rein- 
forcement. For two birds in each group the 
responses defined as correct were a response 
to the right key in the presence of the lower 
sound intensity and a response to the left key 
in the presence of the higher one. For the 
two remaining birds in each group the rela- 
tion between the stimuli and correct re- 
sponses was reversed. 

Daily training sessions lasted 1 hr., during 
which time approximately 100 trials oc- 
curred, The two auditory stimuli were pre- 
sented in a random order, with the restric- 
tion that Т, and T» appeared an equal number 
of times within a block of 52 trials. A trial 
that ended with a correct response was al- 
ways followed bv a trial on which the stimu- 
lus was chosen from a random series, as 
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previously described. However, if an in- 
correct response was made, the stimulus pre- 
sented during that trial was repeated on the 
next trial The purpose of this "correc- 
tion" procedure was to prevent Ss from 
pecking only one of the keys. 

Stage 2.—The second stage of training be- 
gan after all Ss in a given group had re- 
sponded correctly on more than 50% of the 
trials during at least seven successive daily 
sessions. The procedure used in Stage 2 
differed from the previous one in two ways: 
(a) The "correction" method was discontin- 
ued, i.e., the stimuli presented on trials that 
followed incorrect responses were chosen 
randomly; and (b) the auditory stimulus 
was made to come on when S pecked the 
center key, instead of coming on at the same 
time as the light on the center key. 

For each group, training was continued 
with this method until every 5 in the group 
had attained a level of performance that 
was clearly asymptotic. Asymptotic per- 
formance was determined by visual inspec- 
tion of the individual learning curves. The 
Es attempted to be very conservative in 
judging when an asymptote was rcached: 
whenever there was any reasonable doubt. 
training was continued. Further, after it 
was decided that the performance of the 
slowest S in the group was asymptotic, train- 
ing was continued for 7 more days. 

Stage 3.—During Stages 1 and 2, each 
correct response was reinforced. After 
asymptotic performance was attained, the 
percentage of trials in which correct re- 
sponses were reinforced was reduced over ? 
period of 5 days from 100% to 50%. The 
trials for which no reinforcement was sched- 
uled were distributed randomly within 
blocks of 52 and equally between the tw? 
stimuli. Training with 50% possible rein- 
forcement was continued for an additional < 
days. 

The time periods required to complete all 
three stages of training were 21 days fof 
Group 1. 43 days for Group 2, and 240 days 
for Group 3. 


Generalization Test 


Method 1—During the generalization tests, 55 
were presented with white noise stimuli of 13 
intensity levels, covering the range from 65 db. to 
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INTENSITY IN DB RE 0.0002 DYNE (ом? 


Fic. 1. 
lowing training to discriminate bi 


(Top row: Group 1; middle row: 
circles indicate the stimu 


100 db. (re .0002 dyne/cm*) in steps of approxi- 
mately 3 db. The group of 13 stimuli included the 
Intensity levels used in training. 
The procedure for conducting the generalization 
lests was the same as that used at the end of 
tage 3 of training except that on trials for which 
ПО reinforcement was scheduled, generalization 
Stimuli were presented. Presentation of generali- 
"ation stimuli was randomized by blocks of 26, and 
Sach of the 13 stimuli was presented 6 times during 
"ach daily session. Five daily tests were made 
Or each S, 
an number of responses to eac 
* presence of each of the 13 stimu! 
th a print-out counter. In addition, the latency, 1е., 
€ time elapsed between the response to the center 
and Which resulted in the presentation of the sound, 
Co the response to one of the side keys, was re- 
"ded to the nearest .1 sec. 


h key made in 
li was recorded 


Results 


тё Figure 1 shows how the proportion of 
ee to the key that was correct for the 
ae h-intensity stimulus varies with the inten- 
Чу of the stimulus for each bird in each 


8тоцр, The top row of panels (Birds 5-8) 


Distribution of choices obtained during generalization tests fol- 
tween various differences in intensity. 


Group 2; bottom row: Group 3. Filled 
li used in training.) 


represents the results for Group 1, the mid- 
dle row (Birds 9-12) the results for Group 
2, and the bottom row (Birds 15-18) the 
results for Group 3. The proportions are 
based on five daily sessions or a total of 30 
responses for each of the test stimuli and 
225 responses for each of the two training 
stimuli. The smooth curves fitted to the 
data are theoretical and are discussed sub- 
sequently. 

The functions based on single daily ses- 
sions are similar in form to those shown in 
Fig. 1, though less regular. Careful inspec- 
tion of the daily results for each 5 did not 
indicate any systematic changes in the curves 
during the 5 days of testing. 

The general form of the curves is similar 
for all Ss and is much like that of psycho- 
metric curves. In each figure the location of 
the training stimuli is indicated by the filled 
circles. It can be seen that stimuli that lie 
between the training stimuli in intensity gen- 
erally yield proportions that fall between 
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those obtained for the training stimuli, 
whereas stimuli less intense than I, or more 
intense than I» either yield the same response 
proportions as I; and I», respectively (Group 
1), or yield smaller and greater proportions 
than 1, and Is, respectively (Groups 2 and 
3). The last mentioned feature is an in- 
stance of what is often called “transposition” 
(cf. Kimble, 1961). 

The main features of the curves can be 
represented by three quantities: (а) the 
vertical range of the function [this range 
will be called p(A) and is given by the dif- 
ference between the upper asymptote, p(R,), 
and the lower asymptote, p(Rı)], (b) the 
slopes of the nearly linear middle segments, 
defined below, and (c) the location of the 
function along the + axis. A convenient 
way to specify c is to state the value of the 
stimulus, +m, that yields a response propor- 
tion falling halfway between the lower and 
upper asymptotes, ie. the mean of the 
asymptotic response proportions. This value, 
Xm, Will be called the “criterion,” in anticipa- 
tion of subsequent theoretical discussion. 

One obvious difference among the groups 
is in the vertical range, p(A), which tends 
to be smaller for Ss in Group 3 than for 
those in the other two groups, owing mainly 
to a difference in the lower asymptotes. To 
compute values of p(A), the mean propor- 
tions for the five least intense stimuli were 
used as an estimate of the lower asymptote, 
and the mean proportions for the two most 
intense stimuli were used as an estimate of 
the upper one. A simple analysis of vari- 
ance indicates that the differences among the 
groups in the value of p(A) are significant, 
F (2,9) = 4.987, p « .05. 

The value of the criterion differed some- 
what from group to group. The mean val- 
ues of the criteria are 85.2 db. for Group 1, 
88.7 db. for Group 2, and 83.8 db. for 
Group 3. 

The slope m of the middle segment is 
defined as 


_ 5 p(A) 

ш Qs — Qi 

where P (A) has the meaning previously as- 
signed, Qı is the stimulus value that cor- 


[1] 
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responds to the response proportion Р = 
p(Ru) — 75 p(A), and Qs is the stimulus 
value that corresponds to the response pro- 
portion P, = p(Ru) —.25 p(A). The pro- 
portions and stimulus values used in com- 
puting the slopes were based on the fitted 
theoretical curves. Equation 1 thus is ac- 
tually the slope of a straight line that con- 
nects the point that lies at height P, on the 
theoretical curve with the point that lies at 
height P3. The mean values of the slopes, 
expressed in units of proportion per decibels 
are .084 for Group 1, .090 for Group 2, and 
098 for Group 3. The groups trained on 
more difficult discriminations tend to have 
slightly steeper slopes than those trained on 
easier discriminations. A simple analysis of 
variance, however, indicated that the dif- 
ferences in slope among the three groups 
are not significant, F (2, 9) = .30. 
Theoretical treatment.—The results can 
be described in terms of a relatively simple 
model based on the theory of signal recognt- 
tion and a concept of attention. A detailed 
discussion of the theory of signal recogni- 
tion and detection may be found in Green 
and Swets (1966). Boneau and Cole (1967) 
have presented a modification of this theory 
designed to make it applicable to discrimina- 
tion experiments with animals. The present 
treatment is based on some of the elementary 
concepts of signal recognition theory, but 
involves no commitment to the particular 
decision axes and decision rules propose 
by the authors cited. It is assumed that the 
size of the neural effect produced by any 
one stimulus intensity varies somewhat from 
presentation to presentation and that the 
probability density distribution of neural 
effect or some monotonic transform there 
is normal. The distributions that correspo”! 
to the various stimuli used in the experiment 
have different means, but all distributions 
are assumed to have the same variance. 
During training, 5 comes to “attend” t? 
the dimension along which the stimuli уату 
and to establish a criterion, nm, somewhere 
along the neural effect axis. On any tri? 
on which n, the obtained value of neural ef; 
fect, exceeds л, S pecks the “high-intensity 
key, and on any trial on which the obtaine 
value of n falls below mm, he pecks the “low” 
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intensity" key. The proportion of trials, Py, 
on which S pecks the high-intensity key in 
the presence of any one stimulus intensity is 
given by the proportion of the area under 
the curve that lies above the criterion, nm- 
For stimuli of very low intensity, practically 
all of the area under the curve may lie below 
the criterion, so that Pj has a value near 
zero. For stimuli of very high intensity, 
practically all of the area under the curve 
may lie above the criterion, so that Pa has 
a value near 1.0. Consideration of in- 
tensities falling between these extremes 
Shows that the expected form of the choice 
function is a normal ogive, though there is 
no a priori reason why it must be normal on 
the decibel axis used in Fig. 1. : 

The signal recognition model prescribes 
that the asymptotes of the choice functions 
must lie at values of zero for the lower one 
and unity for the upper one. This is not 
What was found. For none of the groups 
does the lower asymptote lie at a probability 
value of zero. 

It was assumed that failure of either or 
both of the asymptotes to fall at the theoreti- 
cally expected values of zero and one indi- 
cates that on some of the trials S’s choice 
behavior is governed not by the auditory 
Stimuli manipulated by E, but by other un- 
Specified stimuli. In other words, Ss do not 
"attend" to the auditory stimulus dimension 
On every trial. On those trials on which 5 
does attend to the auditory dimension. he is 
assumed to behave in accordance with the 
Signal recognition model; on those trials on 
Which he does not attend, the auditory 
Stimuli are assumed to have no influence 2: 
the choice of response. If it 1s =, 
urther that the probability of attending to 


the auditory dimension is independent of the 


1 са Уа 
Intensity of the stimulus presented, it ed 
Sible to derive a simple correction tha 


Moves the effects of nonattention. : 

The observed probability of zespònse io 
One of the keys, p(R), can be epa = 
the sum of two joint probabilities as follows : 


P(R) = р(А):р(КІА) 
* + (A)-p(RIA), DJ 


Where p(RIA) is the conditional probability 
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of response given attention to the auditory 
stimulus dimension, p(R|A) is the condi- 
tional probability of response given nonat- 
tention, (A) is the probability of attention 
to the auditory dimension, and p(A) = 1 — 
P(A). 

Using the specification by the signal rec- 
ognition model that p(R/A) is zero for 
stimuli at the lower asymptote and unity for 
stimuli at the upper asymptote, it is possible 
to get an estimate of the probabiliy of at- 
tention, (A). Writing Equation 2 once for 
p(RJA) = 0, and again for p(RJA) = 1.0, 
and then subtracting the first equation from 
the second shows that 


P(A) = p(Ru) — P(Ri), [3] 


where p(Ru) is the obtained value of the 
upper asymptote and (R) is the obtained 
value of the lower asymptote. 


From 
p(R) = [1 — 2(9] 2 (R| A) 


one gets 


E R 
PRIA = LEER. 


[4] 

Substituting the right-hand parts of Equa- 
tions 3 and 4 for the appropriate quantities 
in Equation 2 and solving for p(R|A) leads 
to 


p(R) — P(R) У 
P(RIA) = p(R,) — Р(К) [5] 


Equation 5 can be used to compute a cor- 
rected proportion ^ (R[A) for each observed 
proportion p(R) and will. be referred to as 
the “correction for inattention.” 

When the correction for inattention is ap- 
plied to the data shown in Fig. 1, the cor- 
rected points fall along normal ogives. The 
smooth curves shown in Fig. l are trans- 
forms of these normal ogives. They are 
obtained by fitting a normal ogive to the 
corrected proportions and then applying the 
correction in reverse to the fitted normal 
ogive, i.e. using Equation 5 to obtain values 
of p(R) that correspond to the theoretical 
values of p(R|A). 

In applying the correction for inattention, 
the mean proportion for the five least in- 
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TABLE 1 
MEAN RECIPROCAL LATENCIES FOR ALL GROUPS AND STIMULI 
Responses to low-intensity key Responses to high-intensity key 
Group Stimulus intensity (db. re .0002 dyne/cm*) Stimulus intensity (db. re .0002 dyne/cm?) 


66 68 70 73 76 78 81 84 


86 84 86 91 94 97 100 


7 .129 | .132 | .140 | .125 | — | .104 | .104 | .106 | .108 | .112 | .106 
A “O85 15075 33 | -ogo | 078 | 076 | 2078 | 7077 | отв | = | 079 |1075 | ‘O77 | 109 | cove 
3 “062 | 1058 | 1063 | .063 | .061 | .063 | 065 | .067 | — | .074 | :077 | .081 | :080 | 077 | .074 
A = =: 
tense stimuli was used as an estimate of the sponses in the presence of any other stimuli 


lower asymptote, and the mean proportion 
for the two most intense stimuli was used 
as an estimate of the upper asymptote. The 
best fitting normal ogive was defined as the 
one that yielded the least sum of weighted 
(by the reciprocal of the variance) squared 
deviations of the uncorrected proportions 
about the theoretical curve. This method of 
fitting requires a rather cumbersome itera- 
tive procedure which was carried out on a 
digital computer.* Each of the fitted curves 
removes more than 97% of the variance 
except for the curve for Bird 10 which re- 
moves 93%. 

To summarize, each of the curves shown 
in Fig. 1 can be transformed to a normal 
ogive by applying the correction for inat- 
tention. This normal ogive is the choice 
function that describes the behavior on those 
trials on which S was attending to the audi- 
tory stimuli. The mean slopes of the cor- 
rected choice functions (expressed in units 
of z score per decibel) are .238 for Group 1, 
.259 for Group 2, and .360 for Group 3. 
The ordering of the slopes obtained with the 
uncorrected data is preserved; the more dif- 
ficult the discrimination that was learned, 
the steeper the slope. However, a simple 
analysis of variance done on the slopes of 
the corrected choice functions indicates that 
the differences found are not statistically sig- 
nificant, F (2,9) = 227. 

Latencies.—Because responses in the pres- 
ence of the training stimuli are reinforced 
during the generalization tests, whereas re- 


8The authors are indebted to the Brooklyn 
College Computer Center for the use of its facili- 
ties and to Donald Robbins for help in program- 


ming. 


are not, the testing procedure is also a form 
of discrimination training. In an extension 
of the present work it was found that the 
effects of this discrimination training on the 
choice curves do not become noticeable until 
testing has been continued for 10-20 days. 
The effects of repeated testing on latencies 
become noticeable somewhat earlier. Re- 
peated testing does not affect the latencies 
to the training stimuli, but after a few days 
of no apparent change, the latencies to all 
other stimuli increase greatly. For a few 
Ss, increases in latency began to occur on 
the fifth day of training. For this reason the 
results for only the first 4 days of testing 
are considered here. 

The mean reciprocal latencies of the left- 
key and right-key responses made in the 
presence of each of the 13 stimuli were com- 
puted for each S. Inspection of the data in- 
dicated no systematic effects of stimulus in- 
tensity on latency. In graphs of reciprocal 
latency vs. stimulus intensity prepared for 
each S, the points are scattered about hori- 
zontal lines with no suggestion of peaks at 
the values of the training stimuli. 

The group means are shown in Table 1. 
Six two-way analyses of variance (Ss VS: 
stimuli) were done, one for each key, mak- 
ing two for each group. Only one of these 
analyses (Group 1, low-intensity key) in- 
dicated a significant effect of stimuli on 
mean reciprocal latency, F (7, 21) = 6.42. 
Р «.01. In this case the distribution 0 
mean reciprocal latencies over stimuli has 
two identical maxima, one at the training 
stimulus and one at 81 db. The most atypi- 
cal mean, however, is the minimal value 
which occurs at 84 db. Comparison of all 
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means with each other (27 comparisons in 
all) by the method of Dunnett (Winer, 
1962) yielded 10 significant differences of 
which 3 involved comparisons with the train- 
Ing stimuli and 5 involved comparisons with 
the 84-db. stimulus. Despite the one sig- 
nificant F value, it seems unlikely that there 
15 any reproducible effect of stimulus in- 
tensity on latency. 

Relation of the choice curves to pretest 
Performance—Table 2 shows for each S the 
Proportion of correct responses for the last 
5 days of 100% reinforcement and the 5 
days of 50% reinforcement immediately be- 
fore the testing period. The slight mean 
difference in these proportions is not sig- 
nificantly different from zero, as evaluated 
by a ¢ test. 

Table 2 also shows the mean proportions 
of correct responses to the training stimuli 
during the 5 days of testing. It is apparent 
that during the period of testing the dis- 
crimination deteriorated substantially for all 
Ss in Groups 2 and 3, but not for Ss in 
Group 1. The mean difference between the 
Proportions obtained during testing and dur- 
Ing the 5 days before testing is significantly 
8reater than zero for Groups 2 and 3, as 
evaluated by Р tests: 2 (3) = 7.78, Р < 01, 
for Group 2; t (3) = 488, P< 05, for 

roup 3. Since the training stimuli deter- 
Mine two points on the choice curves (the 
filled circles in Fig. 1), it is clear that the 
Curves for Groups 2 and 3 do not accurately 
reflect the precision of stimulus control that 
existed before testing, ie. the curves are 
Shallower than they would have been if the 
Performance had not deteriorated. 

t seems possible that the degraded per- 
Ormance during testing resulted from de- 
reased attention to the auditory stimuli. If 
this were so, the curves when corrected for 
"attention might accurately represent the 
Tetest performance. A comparison of the 
Corrected response proportions before and 
Curing testing cannot be made because an 
“Stimate of the probability of attention dur- 
g the training period is not available. It 
: Obvious, however, that the maximum pos- 
Sible deterioration resulting from decreased 
Attention occurs if the probability of atten- 
‘on has the value of 1.0 before testing. 
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TABLE 2 
PROPORTION OF CORRECT RESPONSES 


— Generalization testing 
 rein-| < in- 5 days; 
Group | s | forcement | formant 
сые (5 days) А 
ys) Uncor- | Corr 
rected ected 
1 | 5| 943 .980 .980 
6| 955 ‘990 1990 
7| 1922 ‘990 1985 
8| 882 940 1975 
2 | 9| 1948 941 762 782 
10| 94 ‘866 638 :652 
11| 1950 924 1794 815 
12| 7932 1920 1781 `801 
3 |15] .646 .680 .600 о 
16 | 778 "807 1600 1625 
17| 1740 1801 "700 1710 
18| 652 1657 1515 1520 


Thus if a decrease in the probability of at- 
tention were the sole cause of the deteriora- 
tion, measures of response to the training 
stimuli during the testing period, when cor- 
rected for inattention, should indicate a dis- 
crimination at least as good as that observed 
during training. The last column of Table 
2 shows the proportion of correct responses 
to the training stimuli during the testing 
period, corrected for inattention, The mean 
difference beween these proportions and 
those for the 5 days before testing is sig- 
nificantly different from zero for Groups 2 
and 3: # (3) = 6.56, p < .01, for Group 2; 
t (3) = 3.77, p < 05, for Group 3. It fol- 
lows that decreased attention cannot ac- 
count for the deterioration that was ob- 
served; the corrected curves also are too 
shallow to represent accurately the precision 
of stimulus control that existed before test- 
ing. 

As mentioned, the performance of Group 
1 on its training stimuli did not deteriorate 
during the testing period. This does not 
necessarily mean, however, that the factors 
that caused the decrease in the slope of the 
choice curves for Groups 2 and 3 did not 
have a similar effect on the curves of Group 
1. Note that sound intensities of 68 db. 
and 97 db. (the training stimuli for Group 
1) yield points that fall, respectively, on 
the lower and upper asymptotes of the 
choice curves. It is quite possible for the 
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curves to undergo changes in slope without 
affecting the values of the asymptotes. This 
is what happened with Group 2. For this 
group the slopes are known to represent a 
degraded performance, but the mean values 
of the asymptotes differ only trivially from 
those of Group 1. Whether or not the 
curves of Group 1 are also too shallow re- 
mains to be determined. 


EXPERIMENT П 


In an attempt to learn more about how the 
size of the stimulus difference used in dis- 
crimination training affects the precision of 
stimulus control that obtains when perform- 
ance has become asymptotic, Exp. I was re- 
peated with another method of testing. In 
preliminary experiments, this second method 
was not associated with any deterioration in 
discriminative performance. 


Method 


The training procedure was the same as that 
used in Exp. l. Four Ss (Group la) were trained 
to discriminate between the stimuli used for 
Group 1, and four others (Group 2a) were trained 
to discriminate between the stimuli used for 
Group 2, Training was continued until all Ss had 
clearly attained asymptotic performance levels. 
The Ss in Group la received 43 days of training ; 
Ss in Group 2a, 72 days. During all phases of 
training, every correct response was reinforced, 

The testing procedure (Method 2) differed from 
that of Exp. I (Method 1) in the following ways: 
One intensity value, +m, was selected by E asa 
bisection point of the stimulus dimension. For 
Group la the value of +m was the mean criterion 
of Ss in Group 1; for Group 2a it was the mean 
criterion of Ss in Group 2. All responses to one 
key were reinforced if they occurred in the presence 
of a stimulus value less than rm, and all responses 
to the alternate key were reinforced if they oc- 


TABLE 3 
MEAN SLOPES For ALL Groups 


Uncorrected 


Method Group cave Солена, curve 
1 1 .084 .238 
2 .090 .259 
3 .098 -360 
2 la .081 .224 
2a .123 .368 
$ .188 .523 
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curred in the presence of a stimulus value greater 
than +m. Testing was done in 5 daily sessions with 
each stimulus presented 10 times per session. 

Because the discrimination learned by Group 3 
required about 8 mo. of training in Exp. I, а 
comparable group was not trained to be tested in 
this experiment. Instead, following completion of 
the testing phase of Exp. I, the Ss in Group 3 were 
retrained until they had again reached their pre- 
testing levels of performance; choice functions were 
then determined by Method 2. The bisection point 
chosen was the mean criterion obtained for this 
group in Exp. 1. 


Results 


The mean proportions of correct responses 
to the training stimuli for the 5 days im- 
mediately before testing and the 5 days of 
testing, respectively, were .992 and .988 for 
Group 1а, .859 and .886 for Group 2a, and 
.692 and .694 for Group 3. None of the 
differences between the paired means are 
significant, as evaluated by ż tests. It is 
clear that Method 2 does not cause the dis- 
criminative performance to deteriorate. 

The choice functions obtained with Method 
2 are shown in Fig. 2. The smooth curves 
were fitted by the method used in Exp. 1. 
Table 3 lists the slopes of the uncorrecte 
curves as computed by Equation 1, the slopes 
of the corrected curves, and also the slopes 
obtained in Exp. I. The ordering of the 
slope values by group is the same as that 
found in Exp. I. 

The effect of method of testing seems to 
vary with the difficulty of the discriminatio!- 
The mean slope obtained for Group la һу 
Method 2 is virtually identical with that 0b- 
tained for Group 1 by Method 1. Since 
Method 2 does not cause the discriminativ® 
performance to deteriorate, this finding sug” 
gests that the choice functions of Group 
do accurately reflect the precision of stimt- 
lus control that existed before testing. On 
the other hand, the mean slopes of Groups 
2а and 3 are steeper than those obtain 
for the comparable groups in Exp. I. 

Two two-way analyses of variance 
(method vs. intensity difference betwee? 
training stimuli) were done on the sloP* 
values of Groups 1, la, 2, and 2a; one 9? 
the slopes of the uncorrected curves and 06 
on the slopes of the corrected curves. 
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effect of the stimulus difference was sig- 
nificant in the uncorrected results, F (1, 12) 
7589, p < .05, and in the corrected re- 
sults, F (1, 12) = 814, p < 05. For the 
Corrected data the Stimulus Difference X 
Method interaction was also significant, F 
(1,12) — 5,00, p « .05. 

The findings of both experiments may be 
Summarized as follows: Training to dis- 
criminate between small differences 1n stim- 
Ulus intensity results in more precise stimu- 
Us control than training to discriminate be- 
tween larger differences. Both methods of 
€termining choice functions yielded curves 
Whose slope increases with the difficulty of 
the discrimination. In the curves determined 
Y Method 1, however, the differences 1n 
Slope are severely attenuated because the 
Method causes the curves of Groups 2 and 

to become flattened without having @ 
Comparable effect on the curves of Group 1 


Discussion 


According to the attention and signal recog- 
nition model presented previously, the slope of 
the corrected choice curves is determined by 
the variance of the signal distributions. Some 
elaboration is required if the model is to be 
used to describe variations in this slope such 
as those found as a function of training condi- 
tion and method of testing. The model could 
be elaborated in numerous ways, of course. 
One way is to abandon the notion of a fixed 
criterion and to assume instead that the posi- 
tion of the criterion varies randomly from trial 
to trial, the distribution of criteria being nor- 
mal. It can be shown that with the parameters 
of the signal distributions fixed, the greater 
the variance of the distribution of criteria, the 
smaller will be the slope of the corrected choice 
functions. The experimental variables that 
produce slope changes then would be assumed 


4 A mathematical treatment of the effects of cri- 
terion variability was developed for us by Solomon 
Weinstock. A very similar treatment, developed 
independently, was published by Wickelgren (1968), 
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to affect the variance of the distribution of cri- 
teria, e.g it would be assumed that training 
on a “difficult” discrimination causes Ss to 
adopt less variable criteria than training on an 
“easy” discrimination. This particular modifi- 
cation appears attractive because in applications 
of the model to the acquisition process it be- 
comes necessary, in any case, to assume that at 
least early in training the criterion moves about 
until a position approximating an optimal one 
is reached. 

On an empirical level, the present results 
differ markedly from those of most experiments 
on stimulus generalization. They lend no obvi- 
ous support to the view of learning that holds 
that the procedures used in discrimination 
training impart to the specific stimuli used in 
training the power to evoke the conditioned 
responses and that this power spreads, with 
some decrement, to other stimuli that are simi- 
lar to those used in training. In the present 
experiments, the training stimuli do not seem 
to acquire any special properties that set them 
apart from other stimuli on the dimension. For 
example, the smallest and largest values of 
response probability do not generally occur at 
the values of the training stimuli. Nor do the 
latencies of response to the training stimuli 
differ in any systematic way from those to 
other stimuli. 

Generalization gradients obtained with the 
free operant method (e.g. Hanson, 1959; 
Terrace, 1964) differ from the ones obtained 
in the present experiments in that they invari- 
ably come to a peak, either at the position of 
the positive stimulus or to the side of the posi- 
tive stimulus opposite to the position of the 
negative stimulus (the “peak shift”). There is 
an obvious similarity between the "peak shift" 
and the transposition effect obtained in the 
present experiments. It is not clear, however, 
what is responsible for the difference in the 
form of the gradients obtained by the present 
authors and by other Zs. While the most obvi- 
ous differences between the present experiments 
and others are in the method and dependent 
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variables used, it may well be that differences in 
the stimulus continua studied are of greater im- 
portance. The present authors chose for study 
what they thought might be a particularly 
simple unidimensional continuum. Using à 
method similar to the present Method 1 to 
measure generalization along the continuum of 
frequency of equal energy pure tones, Heine- 
mann, Chase, and Mandell (1968) obtained 
choice curves that are more similar to the 
familiar peaked gradients than to the sigmoidal 
curves found here. It seems likely that there 
are many other stimulus continua for which 
simple sigmoidal choice curves would not be 
found (e.g. the wave length of monochromatic 
light). Before a general theory of generaliza- 
tion can be constructed it is necessary to gain 
some understanding of the way the form 
of generalization curves depends on specific 
characteristics of various stimulus continua. 
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DELAY VERSUS TRACE HEART-RATE CLASSICAL 
DISCRIMINATION CONDITIONING IN RABBITS 
AS A FUNCTION OF INTERSTIMULUS 
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Each of 48 rabbits received one adaptation, eight acquisition, and one extinc- 
tion session in a heart-rate (HR) classical discrimination conditioning experi- 
ment using two tone CSs and а shock UCS. The experiment was a 2X 3 


factorial design with delay vs. a 5-sec. trace CS procedure as one dimension 
and interstimulus intervals 

major findings were that (a 
tion (CR + minus CR —) varied invers 
was observed under th 


(ISIs) of 7, 14, and 21 sec. as the other. The 
) level of conditioning (CR +) and discrimina- 


ely with ISI, (5) better discrimination 


e delay than under the trace procedure, and (c) mag- 


nitude of HR conditioning and discrimination revealed an inverted U-shaped 


function over acquisition sessions. 


Studies comparing classical conditioning 
Performance under delay vs. trace pro- 
cedures have obtained conflicting results. 
Differences in performance between these 
Procedures have commonly been obtained 
at some interstimulus intervals (ISIs) but 
Not at others (e.g., Ellison, 1964; Meredith 
& Schneiderman, 1967; Schneiderman, 
1966). Moreover, the ISIs at which 
these performance differences occurred have 
Vàried among response systems. Several 
Variations of reinforcement gradient and 
time discrimination hypotheses emphasizing 
the CR-UCS relationship have been pro- 
Dosed to account for the ISI function (Ebel 


& Prokasy, 1963; Hull, 1943, 1952; 
Schneiderman, 1966). These have been 
characteristics 


Telated to response system s 
by Jones (1962), Meredith and Schneider- 
man (1967), and VanDercar and Schneider- 
Man (1967). The purpose of the present 
experiment was to examine delay vs. trace 

eart-rate (HR) classical conditioning In 
tabbits as a function of ISI within the con- 
text of the time discrimination hypothesis. 
h According to the time discrimination 
op pothesis of Ebel and Prokasy ПО 

Tength of conditioning is related to the 
*Xtent to which an ISI favors 5 making а 


F ' This research was supported by National Science 
°undation Grants GB-5307 and GB-7944. " 
Sch Requests for reprints should be sent Е = 
si neiderman, Department of Psychology, Univ 
ty of Miami, Coral Gables, Florida 33124. 
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time discrimination which permits kines- 
thetic feedback from a CR to occur in 
proximity with a UCS. At short intervals 
the efficacy of the CR-UCS relationship 
may be restricted by S's inability to fully 
execute a CR, and at extended intervals by 
S's difficulty in making a precise time 
discrimination. Since duration of a CR 
would appear to be directly related to the 
probability of overlap occurring, Schneider- 
man (1966) predicted that long CR dura- 
tion responses such as HR or salivation 
should reveal conditioning across a greater 
range of ISIs than short CR duration re- 
sponse systems such as eyeblink or nictitat- 
ing membrane (NM). This hypothesis was 
confirmed in an experiment by VanDercar 
and Schneiderman (1967) in which NM and 
HR were concomitantly conditioned in the 
same Ss. They found that when an ISI as 
long as 6.75 sec. was employed, HR but not 
NM conditioning was obtained. 

The findings by Ellison (1964) in the dog 
that delay was superior to trace salivary 
conditioning at a 16- but not at an 8-sec. 
ISI and the report by Meredith and 
Schneiderman (1967) that NM but not HR 
conditioning in the rabbit was disrupted by 
a trace at a 1-sec. ISI may be interpreted 
within the framework of the time discrimi- 
nation hypothesis. In this case the neces- 
sary assumptions are that (a) CR-UCS 
overlap becomes increasingly difficult as IST 
is lengthened beyond the latency of the 
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peak CR magnitude, and (b) the effects of 
CS disruption by the trace procedure 
become greater as the discrimination task 
is made more difficult by lengthening of the 
ISI. Since the peak magnitude of HR CRs 
occurs at an ISI shorter than 7 sec. (e.g., 
VanDercar & Schneiderman, 1967), the 
present study hypothesized that in contrast 
to the previous findings of Church and 
Black (1958), who found no ISI or delay 
vs. trace HR differences, levels of HR 
conditioning at ISIs between 7 and 21 sec. 
should be higher (а) under a delay rather 
than a trace procedure, and (b) at the 
shorter rather than the longer intervals. 


METHOD 


Subjects —Тһе Ss were 48 naive male albino 
rabbits, approximately 90 days old, obtained from 
the Mace Rabbitry, South Miami, Florida. 

Apparatus —Four ventilated sound-attenuating 
refrigeration shells served as experimental compart- 
ments and allowed concurrent running of four Ss. 
To restrict gross body movement, each S was placed 

within a Plexiglas box with an adjustable rear panel 
and head stock. Heart rate was recorded by placing 
steel safety pins in the skin above the right shoulder 
and left haunch and connecting these to a Grass 
Model ПІ D EEG machine. Tones of 3,400 and 550 
Hz. at an intensity of 78-db SPL served as CSs and 
were presented through a 6-in. speaker mounted 1 ft. 
in front of each S. The UCS was a 3-ma. ac shock 
.3 sec. in duration delivered to the orbit of the right 
eye. For this purpose, two metal clips were attached 
to a small piece of resilient plastic and inserted 
beneath the upper and lower eyelids. The clips were 
connected to an Abbott four-channel constant cur- 
rent shock generator. Electronic timers along with 
a Western Union tape transmitter were used to 
control CS and UCS durations as well as ISIs and 
intertrial interval. The recording equipment was 
programmed to produce a continuous record from 
10 sec. prior to CS onset to 10 sec. subsequent to 
UCS termination. Recording and control equip- 
ment were in a room adjacent to the experimental 
chamber. 

Procedure—Groups of four Ss were assigned 
randomly to one of six treatment groups, comprising 
a 2 X 3 factorial design with ISI (7, 14, and 21 sec.) 
as one dimension and trace vs. delay conditioning 
as the other. A discrimination procedure was used 
with a constant 90-sec. intertrial interval. With 
delay conditioning, CS offset was simultaneous with 
UCS offset, whereas a constant 5-sec. CS duration 
was used with trace conditioning. 

Each group received 1 day of adaptation, 8 days 
of acquisition, and 1 day of extinction. Sessions 
consisted of 54 trials including 24 presentations of 
both reinforced (CS+) and nonreinforced (CS— ) 
tones as well as three interspersed presentations of 
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each tone which served as test trials. The CS+ 
and CS— trials were randomly presented with the 
exception that the same tone did not occur con- 
secutively more than twice. During adaptation, no 
tones were reinforced. During acquisition the high 
tone was paired with shock for half of each group, 
whereas the low tone was reinforced for the other 
half. Trials 18, 35, and 54 were test trials during 
which the CS+ tone was presented without shock. 
Trials 17, 36, and 53 were CS— test trials. 

Response measurement.—The chart speed of the 
polygraph was 30 mm/sec, and all response mea- 
surements were based on 5-beat intervals read to the 
nearest } mm. On each test trial the base-line 
response measure consisted of the mean 5-beat 
duration of the 10 beats immediately preceding cs 
onset. Post-CS measures obtained on these trials 
were based on the mean 5-beat durations of all beats 
occurring during the ISI plus a final 5-beat block 
including some beats occurring after CS offset. For 
statistical purposes, percentage changes from base 
line were computed by obtaining the ratio of the 
difference between post- and premeasures divided 
by the premeasure. This unit was selected after ап 
examination of the HR response topography (see 
Fig. 2) indicated an absence of distinct skewness at 
any ISI. Finally, for computing Pearson product- 
moment correlations the pre-CS (10-beat) base-line 
scores were compared with the post-CS onset 
(10-beat) minus pre-CS difference scores. 


RESULTS 


The left-hand portion of Fig. 1 presents 
the cumulative percentage decrease from 
base-line HR to the CS+ for the delay 
and trace 7-, 14-, and 21-ѕес. ISI groups: 
These cumulative percentage changes from 
base line were obtained in each group РУ 
cumulating the group mean test tra 
changes each day and cumulating the" 
over acquisition sessions. Consequently: 
mean instead of cumulative percentag® 
changes can be calculated by dividing the 
ordinate values by eight. 

It can be seen in the left-hand portion of 
Fig. 1 that the cumulative percentage 
change from base line to the CS+ 9 
creased in both the delay and trace grouP® 
as a function of ISI. Furthermore, it C2? 
be seen that the delay group reveale 
greater percentages of HR decrease than 
the trace group at each interval. 

A two-way analysis of variance © 
ducted on the cumulated percentage ot HF 
responding to the CS4- during acquisitio" 
test trials revealed significant difference 
for the ISI dimension, F(2, 42) = 104 


p 
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Fic. 1. Cumulative conditioning and discrimination scores as a function of ISI 
for both delay and trace groups. 


P < .001. The differences between delay 
and trace procedures approached but did 
not reach statistical significance, F(, 42) 
=3.66, p > .05, and there was no sig- 
nificant interaction between variables, 
F(2, 42) = .049. | 
uncan range tests of pairwise compari- 
Sons over ISIs indicated reliable differences, 
b « .01, between all except the 14- and 
21-ѕес, ISI groups. A test of polynomial 
trends conducted on the cumulated per- 
Centage of HR responding to the CS+ 
uring acquisition revealed a reliable linear 
trend, F(1, 42) = 19.60, Р < .001, across 
the ISI dimension. : 
The right-hand portion of Fig. 1 presents 
€ cumulative discrimination score for the 
elay and trace 7-, 14-, and 21-sec. ISI 
8toups. This cumulative discrimination 
Score was obtained for the Ss in each group 
{г all test trials in acquisition by subtract- 
ing the cumulative percentage changes to 
the CS— from the cumulative percentage 
Changes to the CS+. It can be seen that 
he cumulative discrimination score de- 
Creased in both delay and trace groups as 
I increased. At each ISI, the delay group 
"evealed a higher discrimination score than 
the comparable trace group. — . 
two-way analysis of variance con- 
ducted on the cumulative HR discrimina- 
lon scores showed significant differences 


between ISI, F(2, 42) = 6.54, p < .005, 
and delay vs. trace, F(1, 42) — 8.49, 
р < .01, dimensions. Тһе interaction 
between variables was not significant, 
F(2, 42) = 107, р> .05. Duncan range 
a posteriori tests conducted on the cumu- 
lated discrimination scores across the ISI 
dimension indicated reliable differences, 
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Fic. 2. Mean HR response topography to the 
reinforced (CS+) and nonreinforced (CS—) tones 
over days of acquisition for both trace and delay 
groups. (Positive deflections reflect decreases in HR.) 
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р < .05, between the 7-sec. ISI and the 
other groups but not between the 14- vs. 
21-sec. groups. A test of polynomial trend 
revealed the presence of a reliable linear 
trend, F(1, 42) = 8.91, р < .005, across 
the ISI dimension. 

Figure 2 presents the response topography 
of the mean cumulated HR responses to the 
CS+ and CS— for each successive 2 days 
of acquisition in each group. Each frame of 
the figure shows the percentage HR changes 
from the base line (positive deflections 
representing HR decreases) for successive 
sequences of intervals between successive 
5 beats. These successive blocks of 5 beats 
are plotted during the CS-UCS interval 
(labeled CS) and during the 15 beats 
following the termination of the CS-UCS 
interval (labeled US). Since not all Ss 
revealed the same number of beats during 
the CS-UCS interval, the last block of 
beats during the interval does not contain 
scores for all Ss. 

The higher rate of responding and in- 
creased magnitude of discrimination of the 
7-sec. ISI over the longer intervals (pre- 
viously shown in Fig. 1) are readily observ- 
able in Fig. 2. Similarly the superiority of 
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the delay over the trace groups in the level 
of conditioning and amount of discrimina- 
tion (also shown in Fig. 1) is apparent. 
Figure 2 suggests that some discrimination 
was maintained over days in the 7- and 
14-sec. ISI delay groups, but dropped out 
in all of the other groups. 

An examination of the individual test 
trial response topography of each S con- 
tributing to the group data shown in Fig. 2 
revealed that the Ss in all groups were able 
to extend their responses over the entire 
ISI, but that response magnitude dimin- 
ished as ISI was increased. 

Measures of HR discrimination are 
plotted over successive acquisition sessions 
in Fig. 3. Asin Fig. 2 it can be seen that 
magnitude of discrimination decreased as 
ISI was lengthened and that at each ISI 
the delay group revealed a greater amount 
of discrimination than the trace group- 
Figure 3 reveals that in each group, except 
perhaps the 21-sec. trace, there was a pro- 
nounced increase in discrimination ove! 
sessions followed by a decrease. It can also 
be seen that this inverted U function was 
more pronounced in the delay than in the 
trace group and that in general it became 


9-6 DELAY 
O---0 TRACE 


4 6 


SUCCESSIVE DAYS OF ACQUISITION 


ic. 3. Heart-rate discrimination scores 
group. (Each data point represents a sc 


plotted over successive days for each 


ore based on a single day's test trials.) 


HEART-RATE CONDITIONING IN RABBITS 229 


less pronounced as ISI was lengthened. An 
analysis of trend conducted on the HR 
discrimination scores during the ISI for 8 
days of acquisition training confirmed the 
reliable quadratic components: (a) overall, 
F(1, 42) = 19.29, р <.001; (b) between 
delay vs. trace procedures, F (1,42) = 8.88, 
P < .005; and (c) among 1515, F(2, 42) 
= 3.47, p < .05. 

The mean cumulated HR responses to 
the CS+ for the 7-, 14-, and 21-sec. ISI 
groups in extinction were, respectively, 
4.10, — 2.44, and — 48. А repeated- 
measures analysis of variance conducted on 
Percentages of HR responding to the CS+ 
cumulated over extinction test trials re- 
vealed significant differences in the ISI 
dimension, F (2, 42) = 4.16, p < .025; but 
failed to reveal reliable differences in the 
delay vs, trace dimension, F(1, 42) = .03, 
P .05; the interaction effect, F(2, 42) 
7241, p > .05; or over trials, F(2, 84) 
= 45, p > .05. A similar repeated-mea- 
Sures analysis of variance conducted on 
amount of discrimination during extinction 
test trials also showed significant differences 
Only in the ISI dimension, F(2, 42) = 3.32, 
Ё < .05. , 

A repeated-measures analysis of variance 
Conducted on the mean daily (10-beat) 
ase-line scores preceding all test trials 
revealed no reliable differences among delay 
VS. trace, F(1, 42) = .096, ог ISI dimen- 
sions, F(2, 42) = .510, p > .05. Trials, 
F(7, 294) = 1.849; Trials X Delay vs. 
Trace, F (7,294) = 1.536; and Trials X ISI 
interactions, F(14, 294) = .992, also failed 
to reveal апу significant differences 
(b > .05). In addition, a polynomial trend 
test based on pre-CS onset base-line scores 
failed to reveal the presence of a reliable 
linear trend, 1(47) = 1.760, p > .05. How- 
€ver, Pearson product-moment ойнаи 
Comparing the pre-CS base-line scores with 
Post- minus pre-CS difference scores Te- 
Vealed correlations of — .16 for the CS+ 
and — ‚26 for the CS— test trials. Statis- 
tical analyses (t tests) conducted on these 
Correlations indicated that the CST, 
à (47) — 2.64, and С5 — test trial correla- 
tions, у (47) = 3.95, differed reliably from 


ero (р < .01). 


Discussion 


The major findings of the present experiment 
were that (a) levels of conditioning and dis- 
crimination formation varied inversely with 
ISI, (b) better discrimination was observed 
under the delay than under the trace procedure, 
and (c) HR conditioning and discrimination re- 
vealed an inverted U-shaped function over 
acquisition sessions. ^ 

The finding that level of conditioning and 
discrimination formation varied inversely with 
ISI at the intervals tested is consistent with 
the time discrimination hypothesis of Ebel and 
Prokasy (1963) and the CR duration hypoth- 
esis of Schneiderman (1966). First, as the 
probability of overlap decreased as a function 
of the lengthening of ISI, the level of HR 
conditioning and discrimination also decreased. 
Second, at an ISI as long as 21 sec. some 
conditioning and discrimination did occur in 
the long CR duration HR response system of 
the rabbit. In contrast, under similar experi- 
mental conditions, conditioning in the rabbit's 
short CR duration NM response system does 
not occur at ISIs as long as 6.75 sec. (Van- 
Dercar & Schneiderman, 1967). 

An explanation of ISI function solely in 
terms of CR-UCS overlap occurring appears 
to be incomplete. In the present experiment, 
e.g., Ss were able to extend the duration of 
their CRs throughout even the longest interval, 
but this was accomplished at the expense of 
response magnitude. A better statement of 
the CR-UCS overlap relationship then would 
be that optimal conditioning occurs at ISIs at 
which the maximum CR amplitude overlaps 
the UCS. 

In the present experiment, better discrimina- 
tion occurred under the delay than under the 
trace procedure, and similar differences in level 
of conditioning approached but did not quite 
reach statistical significance. These findings of 
superiority under a delay procedure agree with 
the observations of Ellison (1964) for salivary 
conditioning at long intervals in dogs and with 
Schneiderman (1966) for NM conditioning in 
rabbits. In these studies, however, as well as 
in the HR conditioning study of Meredith and 
Schneiderman (1967), the differences between 
procedures were either absent or less pro- 
nounced at relatively shorter ISIs. The data 
from these experiments in conjunction with the 
present results thus suggest that there is little 
difference in performance between delay and 
trace procedures until the ISI is lengthened 
beyond the interval at which peak CR magni- 
tude in a response system can successfully over- 
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lap the UCS. Apparently at extended intervals 
Ss must increasingly rely upon cues from the 
CS in order to make time discriminations, and 
these cues become disrupted when a trace is 
introduced. 

In contrast, the failure of Church and Black 
(1958) to detect differences between delay vs. 
trace procedures in the dog at long ISIs is 
probably in part related to the fact that their 
Ss received only 10 CS-UCS pairings. : In the 
present experiment, in which Ss received 24 
CS-UCS pairings per session, maximal con- 
ditioning did not occur in any group before the 
second acquisition session. 

In the present experiment the findings of 
very low but reliable inverse correlations 
between prestimulus base-line scores and post- 
minus prestimulus difference scores confirmed 
the law of initial values (LIV) in rabbits. 
Basically, this means that Ss tended to show 
slightly less (more) decelerative changes in HR 
as base-line HR decreased (increased). How- 
ever, since there were no systematic changes in 
base line either within or between groups across 
acquisition sessions, LIV could not have sig- 
nificantly contributed to the delay vs. trace or 
ISI differences among groups, or to the in- 
verted U-shaped discrimination function which 
occurred over acquisition sessions. 

Since in many instances the terminal level 
of responding to the CS— was no change in 
HR, the difference in discrimination formation 
over days appears to be related to the observ- 
able decline in magnitude of the responses to 
the CS+. In this respect, it is apparent that 
the total amount of performance decline in each 
group was closely related to the maximum level 
of responding obtained during conditioning. 
A previous experiment in this laboratory by 
Yehle (1968) indicated that whereas HR con- 
ditioning decreases over sessions, NM condi- 
tioning increases to an asymptote above 90% 
CRS. Since unpublished data from this labo- 
ratory indicate that magnitude of the HR re- 
sponse to shock decreases dramatically after 
only a few trials, whereas the magnitude of 
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NM UCRs do not habituate over sessions, it 
appears that the inverted U-shaped function 
in the HR system is related to the adaptation 
of the HR UCR. The loss of an effective UCS 
in this situation should be expected to lead to 
extinction of the HR response. In this respect 
it becomes somewhat tempting to speculate 
that the HR but not the NM response reflects 
some underlying process, such as conditioned 
fear, and that the HR CR diminishes as 5 
becomes able to adapt to the noxious UCS. 
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ONE- AND TWO-OPERATOR VERSIONS OF A TWO-PHASE 
MODEL APPLIED TO THE PERFORMANCES OF Vs 
AND Cs IN HUMAN EYELID CONDITIONING : 


WILLIAM F. PROKASY? anp KAROL L. KUMPFER 


University 


of Utah 


A two-phase model was applied to human eyelid conditioning data after Ss 
had been classified either as V- or as C-type responders. The model fit both 
subsets reasonably well, with growth rate and asymptote being greater for the 


V responders. 


Through the use of a two-operator version of the model it was 


also found that a greater effect on response probability was obtained following 
those trials on which a CR did not occur, thus indicating the need for a more 
complicated model and suggesting that more than just the direct reinforcement 
of the CR by the UCS is involved in the acquisition of the eyelid CR. 


Prokasy and Harsanyi (1968) found that 
а two-phase model accounted rather well 
‚ОГ performance in human eyelid condition- 
ing at three different levels of unconditioned 
Stimulus intensity. The model has a total 
of four parameters in the two phases. In 
the first phase, S responds with a base 
response probability (Po). In the second 
Phase, changes in response probability oc- 
Cur and are described by a single-operator, 
linear operator model. The equations for 
the two phases are 


Р; = Po, 


Р. — (P, — Рк) (1—0)5, 
i-K-41toN [2] 


t=1toKk [1] 


P, 


1 


Where P, is the asymptote, W is the number 
ОЁ trials, 0 is the growth rate, and K is the 
trial on which the shift from the first to 
€ second stage occurs. | 
„The purpose of this paper is twofold. 
First, the authors wanted to reexamine the 
Tokasy-Harsanyi (1968) data after having 
lrst partitioned Ss into subsets of V re- 
SPonders (Vs) and C responders (Cs). The 
$ are those who tend to give rapid eyelid 
C'osures, while the Cs give relatively slow 
SYelid closures (see, e.g., Hartman & Ross, 
1961), The historic rationale for this divi- 
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sion of Ss into two subsets was given by 
Spence and Taylor (1951): the responding 
of Vs in contrast to that of Cs was inter- 
preted to be at least in part the product of 
voluntary processes which could interfere 
with or obscure simple acquisition. Since 
that time it has been routine for some 
investigators to remove the data of Vs and 
analyze only those of Cs or to analyze the 
data of Vs and Cs separately. 

This separation of Ss into V and C cate- 
gories has been the subject of much discus- 
sion and controversy. According to one 
position (e.g., Spence & Ross, 1959), the 
Vs and Cs behave according to different 
laws and should be separated for purposes 
of data analysis. According to another posi- 
tion (e.g., Gormezano, 1965), the Vs are 
Ss who respond with parameter values 
which result in greater overall response 
probability, thus not justifying the separa- 
tion of Ss into Vs and Cs. One objective in 
this study was to determine whether or not 
the two-phase model is differentially effec- 
tive in describing the data of Vs and Cs 
and how the parameters of the model vary 
as a function of the V-C distinction. 

Second, the authors wanted to determine 
whether the presence or absence of a CR 
plays a role in acquisition performance. For 
example, is there a greater increment in 
response probability following a trial on 
which a CR occurs or following a trial on 
which no CR occurs? If there is a CR 
presence or absence effect, is it differentially 
evident with V and C responders? A two. 
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TABLE 1 
MEANS AND STANDARD DEVIATIONS OF 
Best Fir PARAMETERS 
Group Po K е Pe Log* 
100V 
(N = 15) 
M .103 | 20.67 | .219 | .761 
—514 
5р .076 | 27.66 | .242 | .249 
100C 
(N = 26) 
M .094 | 28.73 | .145 | .674 
—50.3 
SD 132 | 42.84 | .218 | .302 
150V 
(N = 11) 
M .205 | 12.73 | .238 | .905 
—42.7 
SD 239 124.15 | .278 | .103 
150C 
(N = 29) 
M -039 | 10.72 | .165 | .688 
—58.1 
SD 055 | 14.17 | .227 | .260 
200V 
(N = 17) 
M 104 | 7.29| .237 | .909 
—40.6 
SD 118 | 8.93 | .250 | .075 
200C | 
(N = 23) 
M :090 | 12.50 | .111 | .792 
—61.9 
SD 122 | 16.64 | .159 | 200 
| 


^ Mean, across Ss, of the log (Base 10) of the maximum likeli- 
hoods. 


operator version of the model was employed 
to answer these questions, Given Equation 
1 for the first phase, substituted for the 
second phase are the difference equations, 
fort > K: 


Pri (1 —0)P; + UP, 
if CR on Trial i, [3] 

Par = 0 — 8)P, 4 P, 

if no CR on Trial i. [4] 
What Equations 3 and 4 allow for is the 
possibility that whether or not S makes a 
response determines the growth constant 
on that trial once S has passed into the 
second phase of the two-phase model. 
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METHOD 


The method, apparatus, and procedure are de- 
scribed in Prokasy and Harsanyi (1968) and will be 
provided here in outline form only. | 

Apparatus—The CS was а 500-msec. change in 
brightness of a .75-in.-diameter standard translucent 
red cut-glass jewel which was illuminated from 
behind by a 7.5-w. bulb. The UCS was a 50-msec. 
puff of nitrogen delivered to S's right cornea at CS 
offset. 

Subjects —The Ss were 138 volunteers from intro- 
ductory psychology courses at the Pennsylvania 
State University. . 

Experimental design. —F orty-six Ss were assigned 
unsystematically to each of three groups. Group 100 
received a UCS intensity of 100 mm., Group 150 
received a UCS intensity of 150 mm., and Group 
200 received a UCS intensity of 200 mm. The 58 
received standard instructions followed by 90 adap- 
tation trials composed of 40 CS-alone and 50 UCS- 
alone trials in a random order. They then receive | 
280 CS-UCS trial Pairs at an average шег 
interval of 10 sec. The CR measurement interva 
was between 148 and 524 msec. after CS onset. 

In the original report, 2 Ss from Group 150 were 
deleted because their response probabilities in cond! 
tioning were less than those during adaptation 
Also, since the original records of 12 Ss were lost s 
transfer from Pennsylvania State University to es 
University of Utah, totals of 41, 40, and 43 Ss wer 
left in Groups 100, 150, and 200, respectively. f 

To classify Ss as Vs or Cs, an index of the slope ot 
à response was obtained by averaging the angle is 
inclination from the point at which the Sele 
began to the point at which peak displacement W?' 
reached. These were recorded to the nere ofi 
with the numbers 1-9 assigned to the 10? units х d 
10° to 90°. The UCR slopes were averaged over B 
last 10 UCS-alone adaptation trials, and CR geom 
Were averaged over the first 10 CRs occurring a 5 
Trial 170. Those Ss with a CR/UCR slope ratio 
at least .6 were classified as Vs, the remainder bene 
classified as Cs. The resulting group Ns were ip 
follows: Group 100V, 15; Group 100C, 26; Gro" 
150V, 11; Group 150C, 29; Group 200V, 17; а" 
Group 200C, 26. 


RESULTS 


Vs 05. Cs.—The complete procedure for 
obtaining the best fit parameters on ап 
by S basis is described elsewhere (ProkasY 
& Harsanyi, 1968) and will not be repeate 
here. Suffice it to say that Po was obtaine 
directly from the adaptation data, seP?" 
rately for each S, and that the remaining 
three parameters were determined sep? 
rately for each S as that set for which 55 
280-trial protocol was a maximum likeli 
hood outcome. The means and standa" 
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` TABLE 2 
EXPECTED AND OBTAINED MEANS AND STANDARD DEVIATIONS OF SELECTED STATISTICS 
M SD 
Group 
Obtained Expected SE Obtained Expected SE 
100V 
Trial M 669 676 0074 ps ay .0073 
Trial SD .304« .291 " .048* : .0034 
Trial of first response | — 11.600: 7.989 1.5292 14.237 6.578 1.9941 
P(Raga|Ra)® 505 .507 .0199 .204 180 .0154 
РСК, | Ro 728 726 0080 24 250 0116 
P(Rasal Re) 535 529 0160 225° 191 0134 
P(Rasal Re) "M 721 .0100 237 257 0116 
100С 
Trial M 569 577 0046 120 126 0048 
Trial SD 345 1338 .0038 029° 037 0030 
Trial of first response 20.269 18.440 3.0000 30.788 27.298 7.7422 
PRA [,) 450 459 -0109 254 239 0082 
(КЕ. 1612 629 .0080 284 300 0112 
nat | Ra) i 47 251 0101 
P( Rss Ra) 468 476 0109 r5 «221 pone 
(К, [К,) .630 .626 .0091 .291 н E 
15 
Tat M 817 .822 .0046 124 117 0069 
Trial 5 r 187 0067 ‘087 ‘087 0050 
rial SD 195 . s 
Trial 6 5.498 1.5339 8.310 6.827 4.0770 
D ОЁ first response 5.364 rie 10221 222 224 0151 
(Как, 651 Ж ‘0047 .087 .096 0094 
пы | Ra) po 705 0222 234 230 0207 
TUER Sun : 1 .090 .100 .0089 
nia | Ra) .868 .864 .0053 
15,0C 32 121° 131 0052 
Trial МГ +002 p 1051 028 029 0037 
[rial SD 302 | 7534 7.682° 13.203 1.7534 
Wri 310° 12.930 1.75 
Arial of first response 9. 494 0133 210 195 :0133 
РК, |.) 498 650 10051 245 257 ‘0054 
РК, | Rn) .655 5510 .0115 .200 .200 0115 
РСК.) 488 E 10076 235: 262 0076 
P(Ray2]Rn) 664° i 
200y : 
s ? 10046 131 133 .0053 
Trial jr su S 0052 066 071 0043 
rial ‘sp 163 87781 19543 9.207 9.248 6793 
“al of first response 8.941 "649 10193 .203 .191 .0149 
(go Ra) 616 “982 ‘0046 072 084 0071 
Rew] Bn) = 612 ‘0187 205 491 0134 
(Rasa Rn) 689 к 10047 .083 1085 0065 
ng2|R,) 878 s 
200c 
i 5 136° 147 0047 
Trial ag 675 680 po PTE ‘048 "0044 
ral SD 280° eve 1.4064 11.437° 15.703 1.6103 
[А О first response | 9.923* шс 0144 208 202 0120 
Rasa | RS) E53 740 0065 195 206 10095 
^| R;) 156° 557 0132 220 210 0146 
(Каа) 539 2 ‘0074 197 207 .0087 
^aa | Ra) 745 7 


S| Trial x." 
s m m i iven no response on Trial x.’ 
Reaq Probability of response on Trial n + 1 given a response on Trial n. 


? Read“ i 1 gi 
ead “probability of response on Trial n + 1 £i 
* Departs from expectation by more than two SEs. 
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deviations of the best fit parameters for all 
six groups are provided in Table 1 together 
with the likelihood of the group data ma- 
trix, given the best fit parameters. 

Two major observations reported by 
Prokasy and Harsanyi (1968) should be 
noted: K decreased, and P, increased, as 
UCS intensity increased. No other overall 
differences as a function of UCS intensity 
were obtained. The breakdown according 
to Vs and Cs provides additional informa- 
tion. First, overall P., is greater for Vs than 
for Cs, F (1, 119) — 10.87. It is also to be 
noted that P, increases sharply between 
Groups 100V and 150V and levels off, while 
it changes little between Groups 100C and 
150C and yields a sharp rise from Groups 
150C to 200C. Second, @ is greater for Vs 
than for Cs, F (1, 119) — 4.04. There were 
no reliable effects of the C vs. V classifica- 
tion on K. 

The outcome for Po is complicated by 
the fact that the 2 Ss with the highest Po 
values fell in Group 150V. They had initial 
base rates of .795 and .487. With only 11 
Ss in that group, this had a marked effect 
on Po. Whereas, collapsed across Vs and 
Cs, there is no difference in base rates 
among the three intensity groups, this 
separation induces a marked difference in 
Ро between Groups 150C and 150V, Ё (1, 
38) = 12.74. Since this difference does not 
arise in the other two intensity classifica- 
tions, and since it is attributable to 2 
aberrant Ss falling in the same group, the 
authors are inclined to interpret difference 
at a UCS intensity of 150 mm. as a sampling 
error. 

The results in Table 1 do not tell how 
well the model described the V and C data. 
One index of relative goodness of fit can be 
obtained simply by a comparison of the 
logs (Base 10) of the maximum likelihoods 
for each group. The overall V vs. C differ- 
ence in logs was reliable, F (1,119) = 19.88, 
with the fit being better for the Vs. This 
statistic, however, can be deceptive. The 
very high P, value for Groups 150V and 
200V, together with large 6’s, can result in 
higher maximum likelihoods with no nec- 
essary implication for a better fit. What can 
be said with this statistic, though, is that 
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it provides no evidence that the model fits 
the C data better than it does the V data. 

Additional assessments of goodness of fit 
were made by comparing expectations 
based on Monte Carlo data with the ob- 
tained empirical data. The statistics em- 
ployed were the same as those employed by 
Prokasy and Harsanyi (1968), and only a 
few will be presented here. A sample is 
provided in Table 2. For each comparison 
there is an obtained mean, an expectation, 
and a standard error of expectation. Of the 
84 comparisons, only 18 depart by more 
than 2 SEs from expectation. Of the 18, 13 
are associated with the C classification, sug- 
gesting that the fit is somewhat better for 
Vs than for Cs. A similar pattern was ob- 
tained with those statistics which are not 
reported: a generally good fit to the data 
with, perhaps, a slightly better fit to the 
data of the Vs. 

Two operators.—A thorough S by S p% 
rameter search for the two-operator version 
of the model would have been prohibitive 
in computer cost and time. It was decide Д 
instead, to seek an approximation b) 
searching for the optimum values of 0 and 
6’ while holding Po, K, and P,, constant at 
the optimum values obtained with the on 
operator version. It should be emphasize 
therefore, that the maximum likelihoc ; 
obtained, while greater than those obtains 
with the one-operator version, are noi E. 
large as they would be had the likeliho? 
been optimized with a search for ali five 
parameters simultaneously. " 

The results of the search for орт!" 
values of 0 and 6’ are presented in Table "4 
Also included are group maximum likeli 
hood values and the number of 55 whe 
yielded @ greater than 6’. By compariso? 
with Table 1 it can be seen that the тах” 
mum likelihood values are somewhat larg? 
with the two-operator version of the mod®”" 
This is to be expected if only because e 
additional parameter has been emploY? i 
However, it is also clear that there !5 h 
consistent difference between 0 and 6^ e 
9 larger than 6’. Employing the frequen” 
in Table 3, significantly more Ss have - 
greater 0 than 6’ for both the V ай 


| 
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TABLE 3 
MEANS AND STANDARD DEVIATIONS OF 0 AND 6" 
у m с 
Statistic - 
100 150 200 100 150 200 

0 

M 312 35 257 188 471 123 

SD 342 216 262 275 248 146 
o 

M .175 .231 .150 085 125 106 

SD .296 .364 .302 222 258 257 
N 15 il 26 29 26 
Naser 12 8 19 19 19 
Log* —51.1 —42.5 —40.2 —50.0 —58.3 —54.5 


^ Mean of the log (Base 10) of the maximum likelihoods. 


Classifications, x? (1) = 13.6 and 13.7; 


Tespectively. 

Earlier it was shown that 6 in the single- 
Operator version of the model was greater 
for Vs than for Cs. In Table 3 it is shown 
that for the two-operator version, both 0 
and @' are larger for Vs than for Cs. How- 
ever, the difference for 0, but not for 6’, is 
reliable, P (1, 118) = 5.30 and 1.91, re- 
Spectively. 


DISCUSSION 


The first question is whether or not the Vs 
and Cs function according to different laws. 
ne kind of law is the acquisition equation, 
Vhich describes response probability as a func- 
Чор of trials, The most tenable conclusion is 
that the two-phase model fits the data of both 


Vs aad Cs reasonably well and that despite a 


mildly superior fit for the Vs, the same acquisi- 
lon equation suffices for both subsets of S. 
des Pether kind of law is the equation which 
escribes changes in parameter values as à 
UNcticn of independent-variable manipulation. 
di the very least, such an equation itself has 
а егеп parameter values for the Vs and Cs 
Cross the UCS intensity variable or the reli- 
© differences іп Pa and 0 would not have 
Ке obtained. Whether or not the differences 
dei different laws for Vs and Cs cannot pe 
abi ermined from these or other currently avall- 
іе бака, . 
us the position that Vs and Cs function 
iecording to diferent laws (Spence & Ross, 
loge Tests, at best, on slim evidence 1n the 
% reinforcement situation. Moreover, 0017 
€zano's (1965) position that the Vs and Cs 


differ in parameter values of a common acquisi- 
tion equation receives substantial support from 
this study. While the separation of Ss into 
Vs and Cs may prove to be useful in under- 
standing human classical conditioning, it is 
clear that there is nothing in the present data 
which indicates that any distortion will arise 
by not separating Ss into V and C subsets. 
The two-operator model does, however, pro- 
vide a refinement of earlier observations on 
the differences between Vs and Cs. While some 
conditioning parameters are positively corre- 
lated with rate of eyelid closure, the difference 
in overall performance is largely attributable 
to the greater effect of a trial on which the CR 
does not occur. There is no clear evidence that 
rapid eyelid closure (in combination with the 
UCS) has a greater incremental effect on re- 
sponse probability than does slower closure. 
The second concern is with the implication 
of the two-operator model. Since it has one 
more free parameter, it is only to be expected 
that it will fit better than will the one-operator 
model. However, the fact that 0 was consist- 
ently greater than 9’ suggests that the better 
fit is due also to an orderly effect of CR pres- 
ence-absence. In order to keep computer costs 
down, P4 was assumed to be the same for both 
operators, so it is possible that the difference 
in 0 and 6” is due at least in part to differences 
in P, for the different operator. Nonetheless, 
there is a higher net effect of a trial on which a 
CR fails to occur, which indicates clearly that 
the one-operator version of the model is but 
an approximation to a more complicated model 
justified by the data. What this implies is that 
the acquisition and maintenance of the condi- 
tioned eyelid response in humans is influenced 
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by processes in addition to, perhaps instead of, 
the direct reinforcement of the CR by the UCS. 
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CUE PROPERTIES OF THE EVENT RUN IN CHOICE 


DISCRIMINAT 


ION LEARNING! 


JOSEPH HALPERN? ALMA E. LANTZ, ANp JEFFREY A. SCHWARTZ 


University of Denver 


A good deal of recent research indicates that the reinforcing event in binary 
prediction tasks serves as a discriminative cue for outcome event prediction. 


The Ss were provided with auditory c 


ues as well as cues derived from event run 


sequences in order to determine whether these run cues were comparable to 


more traditional discriminative cues. 


The results showed a good deal of com- 


parability between the two types of cues. The reliability of the cue as a pre- 
dictor of the event outcome appeared to determine whether the cue would 


influence choice behavior. 


. There has been a good deal of recent 
Interest in the effects of homogeneous 
reinforcing” events in binary prediction 
tasks. Research has been characterized by 
Concern with the event structure, i.e., pat- 
terns of reinforcements over trials. Initial 
Investigations of event structures were di- 
Tected toward the study of recency phe- 
Nomena (Derks, 1963). Of specific interest 
Was the “negative recency effect" or gam- 
bler's fallacy. The negative recency effect 
Nas been a rather troublesome finding 
Since it is not consonant with accepted no- 
tions concerning the effects of reinforce- 
ment, Although recency phenomena have 
ĉen of continuing interest, the emphasis 
9f more recent research on runs of events 
“as been on the structure of the event run 
‘self, Variables such as first-order condi- 
Чопа] event probabilities (Goodnow, Ru- 
йзге, & Lubin, 1960), mean length of 
; s cf homogeneous events (Restle, 1966), 
Un Variability (Gambino & Myers, 1966), 
& method of event randomization (Jones 
Myers, 1966) have been shown to influ- 
nce binary prediction behavior. 
> he results of this research clearly sug- 
Best that the structure of reinforcement 
Gn as a discriminative cue for aa 
tiv ice decisions. The possible Чеби 
без. Cue function of events, along ber 
ative recency phenomena, are especialy 
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interesting in that they are not consonant 
with predictions based on the empirical 
law of effect. In fact, several theoretical 
models of learning involve some runs as- 
sumptions in addition to, or instead of, 
assumptions based on more traditional 
reinforcement notions (Gambino & Myers, 
1967; Restle, 1966). A succinct statement 
of the discriminative cue function of events 
was provided by Anderson (1960), who de- 
scribed probability learning as a discrimina- 
tion task where events preceding a trial 
serve as a discriminative stimulus, or cue, 
for the response on that trial. Butler, 
Myers, and Myers (1967) attempted to 
test this notion directly by varying the 
overall pattern of runs as well as the rela- 
tive run length. The results were somewhat 
ambiguous as concerns the cue properties 
of events, but they did suggest that the 
reliability of the run cue as a predictor of 
the event outcome was important in defin- 
ing its effectiveness as a discriminative 
stimulus. 

Further theorizing may be premature 
unless it can be demonstrated that the cue 
function of event runs has a generality and 
robustness comparable to some of the more 
traditional discriminative cues. It is pos- 
sible that event runs operate as discrimina- 
tive cues only in the absence of other dis- 
criminanda and exert a lesser influence 
than other, more traditional discriminative 
stimuli. 

The present study represents an attempt 
to determine the generality and robustness 
of theevent run as a discriminative stimulus 
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by pitting this "run cue" against a more 
traditional discriminative stimulus. Audi- 
tory cues of varying similarity were pre- 
sented in the same task with run cues of 
varying reliability as predictors of event 
outcomes. The Ss were presented with an 
auditory discrimination learning task where 
the tone was perfectly correlated with 
event outcomes. Variation in the reliability 
of the tone as a predictor of event outcomes 
was accomplished by between-groups vari- 
ation in tonal similarity along an auditory 
intensity dimension. For example, with two 
highly dissimilar tones, the predictive 
reliability of the tone should be unity since 
accurate discrimination of the tones should 
lead, after a short period of time, to perfect 
prediction of the outcomes. The reliability 
of the run was varied according to two 
assumptions concerning the mean and vari- 
ability of run length (cf. Gambino & Myers, 
1966): (a) that the predictive reliability of 
the run would increase with decreases in 
run variance and (b) that shorter runs 
would increase reliability since Ss could 
more easily keep track of these. The 
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resultant design assessed the relative con- 
tribution of each of the two types of cues 
to choice behavior. 


METHOD 


Subject—The Ss were 216 University of Denver 
undergraduate volunteers randomly distributed into 
18 groups of 12 Ss each. 

Design.—Six runs conditions were factorally com- 
bined with three conditions of auditory tonal simi- 
larity, forming 18 between-S cells of 12 Ss each. 
Six types of run structures were employed including 
a completely randomized schedule (CR) and a 
random schedule with a restriction of no more than 
three consecutive homogeneous events (RR). The 
remaining sequences were structured. The Ss in 
Group LL received low mean runs and low-variance 
runs (runs of 4 and 5 occurring with equal frequency); 
while those in Groups HL (high mean and low 
variance) received equally frequent runs of 7 and 8. 
The remaining two groups, LH and HH, were 
exposed to equally frequent runs of 3, 4, 5, 6 an 
6, 7, 8, 9, respectively. The three auditory conditions 
differed in the intensity differential (AI) separating 
the two discriminative tones in any given condition: 
high similarity (AI — 0), medium similarity 
= 5), and low similarity (AI = 9). These values 
represent deviations in decibels (SPL) from a stant" 
ard auditory stimulus of 70-db. SPL and were ob- 
tained from a pilot study described later. 


TABLE 1 


Proportion Correct Responses ror EACH TRIAL POSITION FOR ALL COMBINATIONS 
or Run STRUCTURE AND Cue SIMILARITY (TRIALS 271-630) 


22 
Trial position 
Condition Group M 
2 3 4 5 6 7 8 9 Ze 

1(47=9) | CR | .97 98 96 | оз | .89 9n 
RR | 98 96 97 ‘916 

LL | 97 | 98 | 97 | 5 943 

HL | 98 94 90 | 88 | 87 918 

LH | 95 98 9$ | 95 | 92 89 | .84 920 

HH | 96 | 95 | от | 92 | 91 | 90 | вт s; | 97 

2(AI-5) | CR 74 n 77 7 : 
Р 2 | 2 4 

RR | 72 72 73 129 

LL | з 91 83 | 67 831 

HL | 92 95 77 | 68 | б 816 

LH | :96 97 95 ‘91 ‘81 72 64 853 

HH | 5 97 95 | вт | m7 | 71 63 | 6r | 88 

3(АТ=0) | CR 52 49 51 55 51 48 526 
RR | 51 53 51 | 520 

LL | 9] 97 86 | 49 E 

иу 38 | as | mi | 5 | й 

‘95 96 os | 94 | 85 | 6 6 $ 
HH | 98 96 о | 94 | 7] 72 2 sg | ot 


————— —MM':X 


CUE PROPERTIES OF EVENT RUNS IN DISCRIMINATION 


Apparatus —The apparatus permitted the running 
of up to four Ss at a time. Each S was seated before 
a conditioning board (Estes-Straughn) consisting of 
a white warning light, two red event lights, and two 
spring-loaded switches. An opaque screen separated 
adjacent Ss. Auditory stimuli were generated by an 
audio oscillator and modulated by two attenuators. 
Tones were presented ove -alibrated headphones. 
Experimental events were recorded by a strip chart 
digital recorder. A continuous white noise of 60-db. 
SPL was fed through the headphones. 

Procedure.—A pilot study, employing 45 Ss, was 
designed to develop a psychometric function describ- 
ing auditory intensity discrimination performance. 

he constant stimulus was a tone of 800 Hz. at 
70-db. SPL. The S's task was to respond “same” or 

different" to a series of comparison stimuli of 800 
Hz. ranging from 55 to 80 db. The proportion of 
different” responses was .71 and .99 for comparison 
stimuli of 65 and 61 db., respectively. 

In the present experiment each S received 630 
trials with each event occurring an equal number of 
times, Each trial consisted of the presentation of 
one of two tones for 5 sec., a warning signal light 
Occurring 1.7 sec. after the onset of the tone, and a 
reinforcing light occurring 1.7 sec. after the onset of 
the warning signal, its duration being 1.6 sec. Total 
time per trial was 5 sec. and the intertrial interval 
Was a constant 3 sec. The Ss were instructed to 
respond after the onset of the warning signal and to 
make as many correct responses as possible. Refer- 
ence to the discriminative aspects of the task was 
avoided, 


RESULTS AND DISCUSSION 


Table 1 contains the proportion of cor- 
rect responses, P (C), for each trial position 
Within any run for all combinations of run 
Structure and AI, as well as the mean or 
Marginal P(C) across all trial positions. 
;Te'iminary analyses showed no difference 
in P(C) for the two event outcomes, and 
the data in Table 1 are means across both 
Event outcomes for the tabled values. 
Further, trials beyond 200 were character- 
ized by trial-by-trial stability and low be- 
tween-S variance. The values 1n Table 1 
reflect behavior over Trials 271 to 630. The 
Choice of Trial 271 was dictated by the 

€sirability of having equal run length 
Tequencies for all groups with nonrandom 
Sequences, 

The table reflects only slight 
tween Groups CR and RR а 
Conditions of tonal similarity. +S 
Cates that the relatively mild restriction on 
randomization in Group RR was ineffec- 


differences 
t all three 
This indi- 
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tive. Consequently, these two groups were 
pooled by calculating an overall mean 
P(C), for each AI condition, which was 
used as an estimate of performance in the 
absence of a reliable run cue. 

Considering first Cond. 1, where AJ was 
large, Table 1 shows that the presence of a 
run cue led to a lower marginal P(C). A 
comparison of the P(C), with the marginal 
P(C)s of the remaining groups in Cond. 1 
proved significant, £ (66) = 2.76, p < .05. 
This demonstrated not only that the run 
was a viable cue even when detrimental 
to accurate performance, but further that 
the run cue was robust in the presence of a 
reliable discriminative stimulus of a more 
traditional nature. Finally, there were only 
slight differences among the four different 
run structure groups. 

Further inspection of the Cond. 1 data 
shows that the runs-induced decrement in 
performance was a function of the trial 
position within a run. On the other hand, 
Cond. 2 and 3 provide results indicative of 
a runs-induced increment. Considering first 
Cond. 1, P(C) for those critical trial posi- 
tions where reliability was less than unity 
(Trials 5 and 8 for Groups LL and LH, 
respectively ; Trials 4, 5, 6 and 7, 8, 9 for 
Groups HL and HH, respectively) was 
consistently lower than for those trials 
with perfect run cue reliability. Also note- 
worthy is the fact that P(C) for those 
trials adjacent to these critical trials (Trials 
4, 3, 7, and 6 for Groups LL, HL, LH, and 
HH, respectively) was also consistently 
lower than the P(C) for other trials where 
reliability was perfect. A comparison be- 
tween mean P(C) for these critical and 
adjacent trials with the remaining trial 
positions was significant, ¢ (44) = 3.81, 
p < .01. These data seem to suggest that 
Ss are in part failing to discriminate be- 
tween trials on which the run cue is per- 
fectly reliable from those trials where the 
predictive reliability of the cue is less than 
unity. The fact that performance on critical 
trials was somewhat superior than expected 
on the basis of the run cue alone suggests 
that the degree of generalization did not 
entirely exclude the use of the tone. 
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TABLE 2 


MEAN PROPORTION PRESERVATION RESPONSES 
FOR ALL GROUPS X CONDITIONS 
(Trtats 271-630) 


Condition 


Group 
1 (AI = 9) 2 (АГ) =5 3 (AI = 0) 

59 63 | 61 
EH .62 57 -67 
LL 64 .65 73 
HL .67 .69 71 
LH .69 74 81 
HH АУ AT .85 


Considering next Cond. 2, where AJ = 5, 
the marginal P(C)s in Table 1 show that 
the effect of the run was opposite to what 
was found in Cond. 1. The presence of the 
run cue improved performance, as shown 
by the significant result of a comparison 
between P(C). with the marginal P(C)s 
of groups experiencing structured run se- 
quences, £ (66) = 3.94, р < .01. Perform- 
ance on critical and adjacent trials was 
similar to that of Cond. 1 in that the P(C)s 
on these trial positions were lower than for 
nonadjacent trials. The fact that P(C) on 
all nonadjacent and noncritical trials was 
at least 20% better than the P(C), demon- 
strates the influence of the run cue. Fur- 
ther, as was the case for Cond. 1, P(C)s 
on critical trials were lower than the P(C)s 
on those trials where the run cue was per- 
fectly reliable; and performance on adjacent 
trials was poorer than on nonadjacent trials. 
A comparison of mean P(C) on these 
critical and adjacent trials with perform- 
ance on remaining trials was significant, 
t (44) = 4.97, p < .01. 

The data for Cond. 2 were consistent 
with those for Cond. 1 in showing that the 
тип cue was used as a discriminative 
stimulus. Also consistent with the Cond. 1 
data was the finding of no difference in 
overall P(C) associated with the different 
levels of mean and variance of run length. 

Turning to Cond. 3, the comparison of 
P(C), with the pooled P(C) for the struc- 
tured run groups was significant, / (66) 
= 4.91, p < .01, again demonstrating the 
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effectiveness of the run cue as a discrim- 
inandum. Similarly, performance on critical 
and adjacent trials was again inferior to 
performance on the remaining trials, ¢ (44) 
= 5.02, p < .01. Finally, and consistent 
with Cond. 1 and 2, differences in marginal 
P(C) between groups experiencing struc- 
tured sequences were small. 

As was previously mentioned, many of 
the earlier investigations of runs were de- 
signed to study recency phenomena. Con- 
sideration of the present data in terms of 
these recency phenomena is of some interest 
in that such an analysis helps to describe 
the processes by which the run structure 
influences choice behavior. For example, 
Restle (1966) concluded that behavior at 
points where the probability of the run 
continuing was less than unity was char- 
acterized by positive recency or response 
perseveration. Several investigators have 
shown positive recency to predominate 
with longer runs, while negative recency 
characterized shorter runs (Derks, 1963; 
Goodnow et al., 1960). The proportion 
of perseveration responses (relative fre- 
quency with which two consecutive identi- 
cal responses occurred) for each run struc- 
ture and condition, pooled across trial 
positions for Trials 271-630, is given in 
Table 2. The table shows, for all AZ condi; 
tions, a consistent increase in perseveration 
from the CR and RR groups through the 
HH groups. A two-factor analysis of vari- 
ance with three levels of AJ and six levels 
of Tun structure with proportion of perse- 
veration responses as the dependent yari- 
able resulted in a significant main effect 0 
run structure, F (5, 198) = 6.81, p < .0l- 
A trend analysis provided a highly signifi- 
cant linear component for run structure 
F (1, 198) = 5.21, p < .01. The results 
show that the smallest amount of positive 
recency occurred with random sequences: 
with high mean runs resulting in тоге 
positive recency than low mean runs. High 
variance also appears to increase positive 
recency. These data are highly consistent 
with other studies showing positive recen 
to predominate with “longer” runs while 
negative recency characterizes "'shortet 
runs (Derks, 1963; Jones & Myers, 1966): 


CUE PROPERTIES OF EVENT RUNS IN DISCRIMINATION 


Of further interest is the choice behavior 
on the trials where the probability of the 
Tun continuing is zero; specifically, trials 
after Positions 5, 6, 8, and 9 for Groups 
LL, HL, LH, and HH, respectively. Table 3 
contains the P(C) for these trials for all 
groups and conditions. These values reflect 
the degree to which Ss engaged in perse- 
verative behavior on those trials where the 
Tun cue was a perfectly reliable predictor 
of the event. A perseverative response, of 
Course, was always wrong on these trials. 
The results were consistent across all АТ 
Conditions. Performance of the LL groups 
Was consistently best, while the HH groups 
Were poorest. This difference in perform- 
ance is easily understandable in terms of 
the degree to which perseverative behavior 
Was reinforced. Specifically, the response 
alternative of perseveration was most fre- 
quently reinforced in the HH groups and 
least in the LL groups. Ideally, if amount 
9! perseveration were solely a function of 
the degree to which perseveration was rein- 
forced, then Group LH should provide 
More accurate performance than Group 
HL. With the exception of the AI = 9 
Condition, where differentiation was some- 
What suppressed by the high reliability of 
the tone, the data support this ranking | 

Taken as a whole, these results provide 
Striking support for Anderson's (1960) 

pothesis, modified so as to include some 
Statement concerning the structure of 
vents. Further, this study demonstrates 
that a run cue is of comparable magnitude 
9 discriminanda used in more typical dis- 
crimination learning situations. The ob- 
ious interaction between AZ and event 
Sequence (random vs. structured) clearly 
*Xplicates this position. In Cond. 1, аа 
"Un cue had little reliability relative to 
the auditory cue in that it served only to 
Ocus attention away from the reliable 
auditory cue, This was demonstrated by 
he decrease in P(C) for structured se- 
Wences relative to P(C). in Cond. 1, as 
Compared to Cond. 2 and 3 where the 
Structured sequences yielded P(C) greater 
than P(C),. There is little doubt that a 
task "including an event structure similar 
9 single alternation and highly similar 
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TABLE 3 


MEAN Proportion Correct RESPONSES ON TRIAL 
POSITIONS WHERE PROBABILITY OF RUN 
Continuinc Was ZERO 


Condition 
Group 
1 (AI = 9) 2 (AI = 5) 3 (AI = 0) 
LL .83 .64 47 
НІ 74 51 36 
LH | 71 :56 41 
HH .62 37 22 


auditory cues would have provided a mirror 
image of the findings for Cond. 1 (i.e. the 
auditory cue would have interfered). Thus, 
it seems evident that a discussion of the 
relative merits of the more traditional 
discriminative stimuli and stimuli arising 
from the event structure of the task at 
hand is no different from the now classic 
discussion of cues leading to place vs. 
response learning. Both types of cues may 
be effective, and in any given situation, S 
will avail himself primarily of the cues that 
are subjectively most potent. Of course, 
should either type of cue lack predictive 
reliability, S will rely exclusively on the 
alternative. 

This area appears to furnish a fruitful 
avenue for further research. More informa- 
tion is needed dealing with the parameters 
of event structures that determine the dis- 
criminability of the run cue. In particular, 
the critical trials vs. noncritical trials dis- 
tinction manifest in these data suggest 
paradigms using variation in event out- 
come probabilities along with separate 
structured and/or random sequences for 
each event outcome. 


REFERENCES 


Ахрекѕох, №. Н. Effect of a first-order conditional 
probability in a two-choice learning situation. 
Journal of Experimental Psychology, 1960, 59, 
73-93. 

Butter, P. A., Myers, №. A., & Myers, J. A. The 
event run as a discriminative stimulus in proba- 
bility learning. Technical Report No. 31, 1967, 
University of Massachusetts. 


242 


Dznxs, P. L. Effect of run length on the “ратЬег'з 
fallacy.” Journal of Experimental Psychology, 
1963, 65, 212-213. 

GAMBINO, B., & Myers, J. L. The effect of mean and 
variability of event run length on two-choice 
learning. Journal of Experimental Psychology, 
1966, 72, 904—908. 

GAMBINO, B., & Myers, J. L. Role of event runs in 
probability learning. Psychological Review, 1967, 
74, 410-419. 

Goopnow, J. J., Rubenstein, I., & Lubin, A. Re- 


J. HALPERN, A. E. LANTZ, AND J. A. SCHWARTZ 


sponse to changing patterns of events. American 
Journal of Psychology, 1960, 73, 56-67. 

Jones, M. R., & Myers, J. L. A comparison of two 
methods of event randomization in probability 
learning. Journal of Experimental Psychology, 
1966, 72, 909-911. 

ResTLE, Е. Run structure and probability learning: 
Disproof of Restle's model. Journal of Experi- 
mental Psychology, 1966, 72, 382-389. 


( Received June 21, 1968) 


Journal 


of Experimental Psycholo, 
1969, Vel. 80, No. 2, 243-248 т 


REPETITION EFFECT: A MEMORY-DEPENDENT 
PROCESS! 


STEVEN W. KEELE? 


University of Oregon 


In choice reaction time (RT) studies it has commonly been found that RT to 
a repeated stimulus is faster than to nonrepeated stimuli. The first two ex- 
periments tested the hypothesis that this repetition effect is a short-term 
memory phenomenon and that an increased time interval between stimuli or 
an interpolated filler task between successive stimuli would abolish the effect. 
This hypothesis was not supported. A third experiment suggested, instead, 
that the repetition effect was due to stimulus anticipation and the saving in 


memory search time with correct anticipations. 


. When information from the environment 
15 presented, a person may store it in mem- 
тогу for later use, or he may immediately 
transmit it by rapidly making an appro- 
Priate response. When the task is to 
Immediately transmit the information, the 
time from the onset of a signal (the infor- 
Mation) to the beginning of the response is 
Called reaction time (RT). In recent years 
there have been some interesting parallels 
11 the results of RT experiments and short- 
term memory (STM) experiments. Peter- 
Son and Peterson (1959), e.g., have shown 
that recall of consonant trigrams drops 
rapidly if a dificult mental task is inter- 
Polated between presentation and recall. 
imilarly, several studies have shown that 
AT toa repeated stimulus increases as the 
Number of intervening other stimuli since 
lé previous occurrence of the repeated 
Stimulus is increased. This RT phenome- 
"On has been termed the repetition effect 
(RE) by Bertelson (1963) since RT to an 
Immediately repeated stimulus is normally 
relatively fast. 


, the RT advantage of immediate repe- 


Шоп is greater the more alternative 
Stimuli (Hyman, 1953). In fact with only 
long interval 


(re stimuli and a relatively y 
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stimulus there is no RE, and instead RT 
may be faster to a nonrepeated stimulus 
(Williams, 1966). However, with ITIs of 
1 sec. or less, there is still an RT advantage 
for repeated stimuli on a two-choice task, 
particularly if the S-R arrangement is in- 
compatible (Bertelson, 1963). Rabbitt and 
Phillips (1967) and Schvaneveldt and 
Chase (1969) have also shown the RE to be 
greater for incompatible (ie., indirect 
S-R correspondences) than for compatible 
(direct S-R correspondence )tasks. To the 
extent that number of stimuli and com- 
patibility are similar to familiarity, those 
findings are analogous to STM results of 
Murdock (1961). He showed that the rate 
of forgetting was much greater for un- 
familiar items (CCC trigrams) than for 
familiar items (single words). 

The similarity of STM and RT results 
suggests a memory search hypothesis for 
the RE. Itis possible that the S-R pairings 
can be forgotten over short periods of time, 
not in the sense that S cannot remem- 
ber at all what response to make, but in the 
sense that the memory search for the cor- 
rect response takes longer. 

According to an STM hypothesis, the RT 
to a repeated stimulus should increase when 
the interval between successive stimuli is 
rather long, particularly for incompatible 
S-R arrangements. Of course, ITI should 
have much less effect on a nonrepeated 
stimulus since a relatively long time would 
have already elapsed since a previous occur- 
rence of that stimulus.  Bertelson and 
Renkin (1966) and Hale (1967) have found 
that the RE does decrease as the ITI is 
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Fic. 1. Mean RT toa repeated stimulus as a func- 
tion of compatibility, ITI, and number of interven- 
ing other stimuli since the previous occurrence of the 
repeated stimulus (Exp. I). 


increased from 100 msec. to 2 sec., and 
Smith (1968) has found similar results for 
ITIs ranging from 2 to 10 sec. These 
results were not replicated though 
by Schvaneveldt and Chase (1969) for 
either compatible or incompatible S-R 
arrangements. 

The first experiment in this study was an 
attempt to confirm the effect of ITI on the 
RE. Consequently, ITIs of 2, 4, and 8 
sec. were used, and the task was either com- 
patible or incompatible. A six-choice task 
was used rather than a two-choice task 
since, as mentioned earlier, an RE at long 
ITIs seems to occur only for more complex 
tasks. It was expected that the advantage 
of immediate repetition would be greater 
for the incompatible task and that the RE 
would decline with an increase in ITI, 
particularly for the incompatible task. 


EXPERIMENT I 
Method 


Subjects—Twelve Ss (five male) obtained from 
the University of Oregon Student Employment Ser- 
vice were paid $1.50 per hour for serving in the 
experiment. 

А pparatus.—The stimuli consisted of six 24-v. in- 
candescent lamps covered with white translucent 
covers and arranged to correspond to the position of 
response keys on which Ss placed their middle fingers, 
index fingers, and thumbs. The plastic keys oper- 
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ated microswitches and required a force of approxi- 
mately 14 oz. For the compatible S-R arrangement, 
the key corresponding to each light was directly 
beneath the light. Designating the lights 1-6 and 
the keys A-E from left to right, the incompatible 
arrangement was 1-D, 2-С, 3-Е, 4-F, 5-А, and 6-B. 
The RT was measured from the onset of a light until 
a key press, and a correction procedure was used so 
that the light remained on until the correct key was 
ressed. 

P Design.—Six Ss were randomly assigned to the 
incompatible S-R arrangement and six to the com- 
patible arrangement. Each S received three el 
quences of 20 lights at each of three ITIs (2, 4, ап 
8 sec.) on each of 2 days. The three sequences за 
particular ITI were гип in а block, and each of the 
six possible orders of the ITIs were assigned to 4 
different S. On the second day the order of occur- 
rence of the ITIs was reversed for each S. 

Two sets of nine 20-light sequences were pre- 
pared by randomly selecting the six stimulus lights 
with replacement. Three Ss in each of the com- 
patible and incompatible groups were assigned t9 
each set. 

Procedure.—The Ss in the incompatible group 
first learned the light-key correspondence to а p^ 
terion of 28 consecutive lights without an error. 
the compatible condition, Ss were merely instructed 
on the correspondence. All Ss were then BIVER 
practice sequence of 24 lights with a 4-sec. ITI 
which they were asked to respond as rapidly irs 
possible while trying to avoid more than two епос 
per sequence. This was followed by the nine E 
quences of 20 lights. Total RT was reported duriné 
a 20-sec. rest between each sequence. On the жо 
day they again received a 24-light practice sequen 
followed by the same procedure. 


Results 


Mean RT to a repeated stimulus as f 
function of the number of other stimu” 
since the previous occurrence of that віти 
lus is shown іп Fig. 1. Error RTs and th 
RTs immediately following errors were in 
included in the analysis. For the incon 
patible S-R arrangement, repetition М, 
no intervening stimuli results in a mus 
faster RT than with interpolated stim" ^ 
The RE for the compatible arrangeme? " 
on the other hand, is negligible. Contra” 
to expectations, ITI had little effect. | б> 

An analysis of variance showed sig") 
cant effects of compatibility, F (1; ng 
= 77.14, р < .001; number of interve? ^j 
items, F (2, 20) = 8.96, p « .005; & 1. 
their interaction, F (2, 20) = 5.99, P < hor 
Neither the main effect of 
any interaction with ITI app" 
significance. 
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, Fic. 2. Mean RT toa repeated stimulus as a func- 
tion of interpolated task and number of stimuli 
intervening since the previous occurrence of the 


repeated stimulus (Exp. II). 


The greater RE with an incompatible 
S-R arrangement is in accord with an STM 
hypothesis, but the lack of effect of ITI is 
not. As with verbal STM (Posner & 
Rossman, 1965), there may be little mem- 
ory loss unless rehearsal is explicitly pre- 
vented by a secondary task. Consequently 
in a second experiment, 58 either rested, 
repeated a number spoken by E, or classi- 
fied the number in the interval between 
Successive stimuli. It was expected that 
the interpolated number task would tend to 
abolish the advantage of repetition. 


EXPERIMENT II 
Method 


_ Following Exp. I, the six Ss tha 
incompatible condition performe 
Session for $1.50. 
The apparatus and light sequences were the sani 
except that only the incompatible S-R anang 
and 4-sec, ITI were used. dn the first half of ше 
Session three sequences of 20 lights were given үш 
lach of three conditions: rest, repeat, and classify. 
he three sequences in each condition were eon 
"lock, and a different 5 was assigned to each o = 
Six possible orders of the three conditions. In the 
Second half of the session the three conditions ues 
Siven in the reverse order. Since Ss had alrea y 
Sarned the light-key correspondence, | hey Teza 
Ошу given a warm-up sequence of 24 lights be'o 
ginning the experiment proper- 
ex The rest condition was the sam 
ы Реітепе: S merely rested be 
ў imulus lights. For the repeat cont 
‘structed to repeat a single two-digit num 
rom a random number list and spoken 


t had served in the 
d for one further 


e as in the earlier 
tween successive 
dition they Were 
ber drawn 
py E im- 
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mediately after each key press. In the classify con- 
dition they verbally classified the number into high- 
odd, high-even, low-odd, or low-even. Numbers of 
0-49 were designated as low and 50-99 as high. 


Results and Discussion 


Mean RTs (error trials and the trial 
following an error were not included) are 
shown in Fig. 2. Again a large increase in 
RT to repeated stimuli occurs when one 
or more stimuli intervene between repe- 
titions, F (2, 10) = 15.16, р < .001. The 
interpolated number task tends to increase 
RT, F (2, 10) = 11.23, р < .005. It was 
expected that the number task would tend 
to abolish the RE, but in the present ex- 
periment the effect was actually increased. 
However, the interaction between the RE 
and the number task was not statistically 
significant, F (4, 20) = 2.32. 

The general increase in RT with the num- 
ber tasks was unexpected and made the 
interpretation of the results less clear. One 
possibility was that the numbers inter- 
fered with Ss’ preparations for succeeding 
stimuli. Therefore, the experiment was 
repeated with a new group of six Ss. The 
procedure and design were unchanged with 
the exceptions of increasing the ITI from 
4 to 8 sec., interpolating two 2-digit num- 
bers rather than one, and introducing a 
warning tone 1 sec. before the onset of a 
light. In addition, the experiment was run 
over two sessions rather than one since 
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Fic. 3. Mean RT to a repeated stimulus as a func- 
tion of interpolated task and number of stimuli in- 
tervening since the previous occurrence of the re- 
peated stimulus (replication of Exp. 1). 
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Ss needed extra time to learn the light-key 
correspondence. 

As pm in Fig. 3, there is a large RE, 
F (2, 10) = 15.15, p < .001. Neither the 
interpolated number task (F < 1) nor the 
interaction of the interpolated task with the 
RE, F (4, 20) = 1.58, was significant. 

It appears that the slow RT in Exp. I 
and II to nonrepeated stimuli is not due to 
STM loss analogous to the loss in verbal 
STM since variations in ITI and inter- 
polated task had little effect. The lack of 
effect of ITI is consistent with the results 
of Schvaneveldt and Chase (1969), but 
conflicts with those of Bertelson and Renkin 
(1966), Hale (1967), and Smith (1968). 
Perhaps a portion of the RE in some tasks 
may be attributed to STM, but such a 
hypothesis does not seem able to account 
for all the data. 

The question still remains as to why the 
RE depends on compatibility and number 
of stimulus alternatives. One hypothesis is 
that compatible tasks having few stimulus 
alternatives make such a low demand on 
processing capacity that a previous stimulus 
occurrence is not stored in memory. Asa 
consequence, a repeated stimulus would 
have no different effect than any other 
stimulus. Incompatible tasks, on the other 
hand, require greater processing capacity, 
and this may result in memory storage. 
This hypothesis was checked in Exp. III, 
reported below, by simply asking at two 
unexpected times during the experimental 
session what the last stimulus light was. 
Out of 24 inquiries, the previous compatible 
light was forgotten only 1 time; the in- 
compatible light was forgotten 5 out of 24 
times. Thus, it cannot be argued that the 
small RE with the compatible task is due 
to inability to remember the previous 
stimulus occurrence. 

Another hypothesis is that Ss attempt to 
anticipate what the next stimulus will be 
and retrieve from memory the proper re- 
sponse. Then if the "guessed" stimulus 
does occur, the S need only initiate the re- 
sponse already retrieved, resulting in some 
saving of time, particularly for incom- 
patible tasks. If, as Bertelson (1963) has 
suggested, Ss tend to check for a repeated 
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stimulus, then the saving in time would 
occur more often to repeated stimuli. 
Williams (1966) and Hale (1967) have 
shown that when Ss anticipate stimuli, RT 
is much faster for correct anticipations. 
The main purpose of Exp. III was to de- 
termine if the improvement in RT with 
correct guesses is greater for incompatible 
S-R arrangements than for compatible ones. 


EXPERIMENT III 
Method 


Subjecis.—Twenty-four new Ss from the Uni- 
versity of Oregon Employment Service were pa! 
$1.50 for serving in one experimental session. 

Apparatus.—The stimulus and response displays 
were the same as in the previous two experiments 
except that only Lights 1, 2, 5, and 6 and Keys А, B, 
E, and F were used. Four lights were used rather 
than six as in the previous experiments so that the 
proportion of correct anticipations would be in- 
creased. Again, the compatible task involved a 
direct light-key correspondence, The incompatible 
correspondence was 1-Е, 2-Е, 5- B, and 6-A. А 5-sec 
ITI was used throughout. Р 

Procedure.—The Ss were randomly divided into 
two groups of 12 Ss. The compatible group was 
instructed on the light-key correspondence and then 
received two 24-light practice sequences in which 
they were to respond as rapidly as possible but try 
to avoid more than two errors per sequence. The 
Ss in the incompatible condition were given pre- 
liminary learning trials before receiving the practice 
sequences. Following practice, all Ss received te” 
24-light sequences in which they were to still make 
the rapid key presses, but in addition after each key 
press, they were to guess which light would come ОП 
next by saying one of the four numbers which were 
written below the lights. Since the light sequence? 
were randomly constructed, the probability of 4 
correct guess was .25. Two further sequences were 
then given in which no predictions were made. Five 
seconds after the twenty-fourth light of the seco 
practice sequence and again after the twenty-four 
light of the last sequence, Ss were unexpected? 
asked if they could remember the last light ae 
results of this last condition were reported in th 
Discussion section of the previous experiment 
Total RT was reported during a 20-sec. rest follo" 
ing each light sequence. 


Results and Discussion 


Figure 4 shows that incompatible К k 
are considerably slower than compatib 
RTs, F (1, 22) = 21.7, p < .001; and 
to a light which was correctly anticipate? 
is much faster than for incorrect pa 
pations, F (1, 22) = 96.8, p < .001. T 
isa significant interaction, F (1,22) = !* 


MEMORY SEARCH WITH REPEATED STIMULI IN CHOICE RT 


p < .001, indicating that the relative ad- 
vantage of a correct guess is much greater 
for the incompatible S-R arrangement. 
Neither the number of intervening stimuli 
nor any interaction with it was significant. 

Welford (1960) proposed that the process 
of transmitting information involves three 
processes : (a) identification of the stimulus, 
(b) selection of the response, and (c) 
effector processes involved in executing the 
response. Presumably, the time for stimu- 
lus identification would be the same for the 
compatible and incompatible S-R codes of 
the present experiments since the same 
stimuli are used. The response selection 
time, however, would be longer for the 
incompatible condition. Because correct 
anticipation resulted in a greater RT saving 
for the incompatible condition, it appears 
that when Ss anticipate stimuli, they also 
retrieve or partially retrieve the correspond- 
ing response. If anticipation had affected 
only stimulus identification, the decrease in 
RT with correct guesses should have been 
the same for the two S-R codes. 

Data by Bernstein and Reese (1965) 
Support the present view, but are not de- 
cisive in determining whether anticipation 
affects stimulus identification only or 
whether it also involves response selection. 
They found that when Ss correctly anti- 
cipated a stimulus, RT to the stimulus was 
Not a function of the number of possible 
stimuli, On the other hand, RT to in- 
Correctly guessed stimuli did increase with 
number of alternative stimuli. — i 

In Exp. III, with the data divided into 
correct and incorrect guesses, there is no 
evidence of an RE. It could be argued, of 
Course, that guessing interfered with the 
effect, but the finding of Exp. II that an 
interpolated task did not affect the RE 
argues against that interpretation. This 
Suggests that the only reason mean RT to 
repeated stimuli is normally faster than to 
Nonrepeated stimuli (as in Exp. I an 
is that repeated stimuli are anticipated or 
checked for more often than are other 
stimuli, However, in Exp. II, Ss cor- 
rectly anticipated only 18.5% of the repe- 
titions (chance is 25%). Thus, there was 
actually a tendency to avoid guessing а 
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Fic. 4. Mean RT to a repeated stimulus as a func- 
tion of number of stimuli intervening since the pre- 
vious occurrence of the repeated stimulus, compati- 
bility, and correctness of stimulus anticipation 
(Exp. П). 


repetition. Nonetheless, when overt guess- 
ing is not required, Ss may tend to check 
more frequently for repetitions, so the RE 
could still depend on an anticipation 
strategy. ? 

Recently, Schvaneveldt and Chase (1969) 
have also suggested that the advantage 
of repetition is the result of anticipation 
strategies. They found that RT was not 
determined so much by the preceding 
stimulus occurrence as by the preceding 
sequence of stimuli. 

In summary, although there may be 
some effect of STM processes on the RE, 
the major determinant appears to be due 
to processing strategies and the consequent 
savings in memory retrieval time when a 
stimulus is correctly anticipated. 


3 The lack of a significant repetition effect when 
divided into correct and incorrect guesses could have 
been due to using only four stimuli in the present 
experiment. Therefore, the last two light sequences, 
in which guessing was not required, were analyzed. 
There was no significant effect. Since performance 
on the last two sequences may have been influenced 
by the previous guessing, a new group of 12 Ss from 
the same source performed on the incompatible 
task. The same procedure and design were used ex- 
cept that no guessing was required. The mean RTs 
were 607, 702, and 713 msec. for the 0, 1, and (2,3 4) 
interpolated lights, respectively. This was a ae 
nificantly greater repetition effect than for incorrect 
guesses and incompatible task shown in Fig, 4 
Е (2, 44)=3.73, p < .05). , 
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CHOICE OF FIRST VARIABLES FOR SINGLE AND 


REPEATED MULTIPLE ESTIMATES OF LOUDNESS * 


E. C. POULTON = 
Applied Psychology Rescarch Unit, Cambridge, England 


One hundred and twenty-one Os made repeated multiple numerical estimates 
of loudness on octave band noise from 600 to 1,200 Hz. A standard of 65 
db. was called 1. Different groups judged variables 5, 10, 20, 30, and 
35 db. more intense than the standard in different orders. On a log-log 
plot the line connecting the median of the very first estimates of the vari- 
able 5 db. above the standard to the standard had a slope of .60, reliably 
(p <.0001) greater than the slope of .37 for the variable of 35 db. The 
slope of the straight line through the standard fitted to the medians of the 
first five estimates of the group starting with the variable of 5 db. was .34, 
reliably (p <.05) smaller than the slope of .40 of the group starting with 
the variable of 35 db. The reduction in slope from .60 to .34 produced a 
reliable (p < .01) quadratic term. The íunction subsequently straigntened 
out, but the slope did not change reliably (p > .05). The first one or two 
estimates are interpreted in terms of response bias; subsequent estimates 
used numbers of the same order of size as those used in the first estimates. 


When people are asked to estimate sensory 
magnitudes using numbers, the average nu- 
Therica] estimates can be plotted against the 
Physical magnitudes. There are a number of 
Variations in procedure which affect the slope 
Of the straight line through the standard fitted 
to the plotted points (Poulton, 1968). One 
influence is the size of the difference between 
the standard or first stimulus and the first 
Variable or second stimulus. 

In fractional estimates of lightness the 
Standard is lighter than the variables. The 
Standard might be given a numerical value 
of 100. The numbers available for frac- 
tional estimates would then range from 100 
‘00. Here the slope relating the reflectances 
la series of variables to the average numeri- 
Cal estimates has been found to be relatively 
Steep when the first variable is light and is 

Us fairly close to the standard. When the 

"St variable is dark and thus far removed 


Tom the standard, the slope is reliably less 
in fh Carpenter kindly produced the stimuli ией 
ta the experiment and recorded them on magne 1 
De. P, M, Е. Altham advised on the statistical 
analyses. K. Taylor ran the data through the 
~ puter and did the parametric statistical tests. 
s, Dancial support from the British Medical Re- 
arch Council is also gratefully acknowledged. 
equests for reprints should be sent to E. É 
Oulton, Applied Psychology Research Unit, ‚ 
aucer Road, Cambridge, England. 


steep (Poulton, Simmonds, Warren, & Web- 
ster, 1965). 

The difference in slope may be a transfer 
effect from the very first estimate of the first 
variable. For when the very first fractional 
estimates of lightness made by separate 
groups of people are plotted against the 
physical magnitudes of the very first varia- 
bles, the differences in slope are still more 
marked (see Poulton, 1968, p. 8). 

Multiple estimates of darkness can be made 
using the same pairs of stimuli as are used 
for fractional estimates of lightness. The 
standard is again lighter than the variables. 
It might be given a numerical value of 1. 
The numbers available for multiple estimates 
of darkness would then range from 1 to in- 
finity. Here the slope relating the reflec- 
tances of a series of variables to the average 
numerical estimates has been found to be 
less steep when the first variable is light and 
is thus fairly close to the standard. When 
the first variable is dark and thus far re- 
moved from the standard, the slope is reliably 
steeper (Poulton et al., 1965). 

This relationship does not correspond to 
the relationship found between the slopes of 
the very first multiple estimates of darkness 
made by separate groups of people. No 
reliable differences were found between the 
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slopes of very first multiple estimates of 
darkness (Poulton, 1968, p. 8). | 

Previously Beck and Shaw (1963) had 
examined very first multiple estimates of 
pitch magnitude. They found a result simi- 
lar to the results for first fractional estimates 
of lightness. Variables close to the standard 
gave the steeper slopes. This result for very 
first multiple estimates is the opposite of the 
result found by Poulton et al. (1965) for 
their full series of multiple estimates. 

Probably changes in the value of the very 
first variable influence people’s judgments in 
a way not specific to the sensory dimension 
judged. Ifso,a joint prediction can be made 
about multiple estimates from the results of 
Beck and Shaw (1963) and of Poulton et 
al. (1965). A first variable close to the 
standard should produce a first estimate with 
a large slope, but a series of estimates with 
a small slope; whereas a first variable far 
removed from the standard should produce 
a first estimate with a small slope, but a 
series of estimates with a relatively large 
slope. 

This prediction seems so unlikely that the 
present experiment was planned to clarify the 
position. The prediction was found to hold. 
It was even possible to trace the steps by 
which the large slope for a very first variable 
close to the standard changed into the small 
slope for a series of variables. Multiple esti- 
mates of loudness were chosen for the experi- 
ment because more methodological experi- 
ments have probably been carried out on 
loudness than on any other sensory dimen- 
sion (Stevens, 1956). An octave band of 
noise was presented rather than a pure tone 
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because a band of noise is more suitable for 
presentation from a loudspeaker. 


METHOD 


Observers —These were members of a panel 
maintained at the Applied Psychology Research 
Unit at Cambridge. Their ages ranged from 2! 
to 73 yr. About 90% were women, mostly house- 
wives. They were paid approximately $.90 per 
hour (ie. 7 shillings and 6 pence) for their ser- 
vices, plus traveling expenses. None had previ- 
ously made numerical estimates of sensory magni- 
tude. . 

Materials—White noise of limited amplitude 
was passed through an octave filter with cutoffs at 
600 and 1,200 Hz. of 20 db. per octave. The two 
signals of a pair each lasted about 2 sec., with an 
interval of about the same length between them. 
Sound pressure levels were changed with an at- 
tenuator (Muirhead). The signals were recorde 
on a magnetic tape recorder (Vortexion, Type 
CBL). The tape recording was played back using 
a recorder (Ferrograph), the output of which bow 
passed through an amplifier (50-w. Trix). 
signal was then fed to a loudspeaker (Goodman 
Axiom 22) mounted in a wooden enclosure of 
cu. ft. resonant at 40 Hz. { 

The loudspeaker was placed against the middle e: 
one of the long sides of the test room, which wa 
approximately rectangular with sides 16 X 25 
and height 10.5 ft. The room contained between 
6 and 17 Os seated at tables. The sound pressum 
level of each signal was measured during = 
experiment using the A scale of a aon 
meter (Dawe) set to give the slow response. ES 
each group of Os the sound-level meter W 
placed at a different position, which was norma e 
occupied by an O. The average sound press 
level of the signals changed by about 3 db. T 
pending on the exact location of the meter pos 
the number of people in the room. However, s 
differences between the standard and the variab big 
did not change. The average levels only wil d 
referred to henceforth. The ambient noise 1607 
іп the room never fell below about 38 db. ге .00 
dynes/cm?, 


TABLE 1 
EXPERIMENTAL DESIGN AND CALCULATED SLOPES 


Order of variables* 


First five variables Last five variables 


Н 
Group N variable f ? for , 
7 " 3 4 5 ale?! | Bisnis acadratie Slopes | quadrati 

B 32 5 | 20 | 35 | 10 | 30 60 34 01 36 ia 

2229 | зв | 20 5 | 35 | 10 | 30 | ‘39 34 101 135 m 

20-35 | 28 | 20 | 35 5 | 30 | 10 42 41 ns 43 ы 

$5220 | 33 | 35 | 20 5 | 30 | 10 | 37 40 ns 40 Ex 

SE 


i ified in decibels above the standard of 65 db. 
ь atapi ot 60 is reliably different from each of the other three slopes (p « .0001). " 
с ЕА smaller slopes are reliably different from both the larger slopes (p < .05 or better with a one-tailed test 


FIRST VARIABLES AND MULTIPLE LOUDNESS ESTIMATES 
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Median estimate (log scale) 
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Decibels above standard 


Fic. 1. 
plotted against the di 
variable. (The groups 
bels above the standard o 
eg, 5-20. The medians an 
are on the left, the first 
estimates are on the right. 
in the center have re 


Experimental design —Four separate tape records 
Were made with different orders of signals. A 
group of Os heard only the signals of one tape. 
Each variable was presented about 2 sec. after the 
Standard, which always had a sound pressure level 
of 65 db. re .0002 dynes/cm?. The variables were 
all more intense than the standard. The first pair 
ОЁ stimuli was repeated once. The remainder were 
Not repeated, Each pair was followed by ample 
time, never less than 5 sec., for Os to write down 
their estimates. 
, The orders of the variables on the four tapes are 
given in Table 1. Variables are specified in deci- 


els above the standard. All four groups had the 


Same fi ari ; judge, but they judged them 
five variables to Judg "20 and 20-5 judged 


їп different orders. Groups 
the variables E 5 and 20 db. first before the 
Variable of 35 db. Groups 20-35 and 35-20 judged 
the variable of 5 db. third. 
age sequence of 5 van 
aking 15 variables in all. 1 
that the sequence was repeated. Their response 
Sheets had spaces for the answers to the first 
Variables on the front and for the last seven 
answers on the back. This was done to conceal 
€ structure of the sequence. 
Procedure.—The experiment 
8roups of Os seated at tables. h 
а stenciled answer sheet with eight spaces at the 
bottom, one below the other, labeled (a) to (h) 
and seven spaces on the back labeled (i) to (o). 
zt the top the sheet carried 
lons: *you will hear two sounds, 
louder than the first. If the loudness © m 
Sound is called 1, what [larger] number describes 


es was repeated twice, 
The Os were not told 


was carried out on 
Each O was handed 


Median multiple estimates of groups of between 28 and 33 Os 
fference in decibels between the standard and the 
have been named according to the intensity in deci- 
{ the first two variables which were presented, 
d calculated slopes for the very first estimates 
5 estimates are in the center, and the last 5 of 15 
The two functions represented by the triangles 


liable quadratic terms.) 


the loudness of the second sound? Please write 
down your answer in the space (a) below." The 
E read the instructions aloud and answered ques- 
tions. Groups in which an O asked about the 
upper limit were told that there was no limit short 
of infinity. It was up to each O to judge the loud- 
ness and to write down the corresponding number. 

The Os were told that the first pair of sounds 
would be repeated. The first presentation was to 
let them know what they had to listen to. The 
second time they had to make their assessments 
and write them down. The second pair of sounds 
was not presented until everyone had written down 
his or her first answer. The same applied to the 
third pair of sounds. After this the tape recorder 
was not turned off between presentations, except 
after the eighth pair when the Os had to turn over 
their answer sheets. 

The E sat at one of the tables with a sound-level 
meter. He noted down the sound pressure levels 
of the stimuli and the ambient noise level in the 


room between stimuli. 
RESULTS 


The group medians of the very first esti- 
mates are shown on a log-log plot on the left 
of Fig. 1. The straight line through each 
point connects it to the position of the stan- 
dard at the origin. The line would represent 
the slope of the loudness function if subse. 
quent estimates were consistent with the very 
first estimate. The calculated slope of each 
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straight line is given in the first slope column 
of Table 1.3 | 

The group given a first variable 5 db. 
more intense than the standard had the 
steepest median slope, .60. The group given 
a first variable 35 db. above the standard 
had the least steep median slope, .37. The 
two groups with a first variable of 20 db. had 
intermediate slopes. The difference between 
the slope of .60 and each of the three other 
slopes was highly reliable (p < .0001, Mann- 
Whitney U test, Siegel, 1956). 

A straight line through the standard at 
the origin was fitted to the four medians of 
the very first estimates of the four groups, 
using the method of least squares. The slope 
was .39. The quadratic term was not reliable 
on analysis of variance, Р (1, 2) = 2.88, 
p > .05. 

The group medians on the first five esti- 
mates are shown in the center of Fig. 1. The 
straight lines have been fitted by the method 
of least squares. The slopes of the fitted 
lines are given in the second slope column of 
Table 1. Here the order of size of slope has 
reversed. The group starting with a variable 
5 db. above the standard had one of the 
least steep fitted slopes, 34. The group 
starting with a variable 35 db. above the 
standard had a slope of .40, which is not 
much larger than the slope of its very first 
judgment. It is now one of the steepest 
slopes. The difference between the slopes 
ia and 40 is reliable, ¢ (8) = 2.37, p< 
.05. 

Group 20-5 started off with a variable of 
intermediate intensity; they judged the least 
intense variable second. This group had 
about the same fitted slope as Group 5-20, 
who judged the least intense variable first. 
Group 20-35 also started off with a variable 
of intermediate intensity and judged the 
most intense variable second. This group 
had about the same fitted slope as Group 
35-20, who judged the most intense variable 
first. 

The right-hand side of Fig. 1 and the 
third slope column of Table 1 show that the 
fitted slopes for the last five estimates, Num- 


3 The slopes given in this paper must be doubled 
to make them comparable to the loudness exponents 
of the International Standards Organization. Thus 
a slope of .3 becomes an exponent of .6. 
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bers 11-15, were not very different from the 
fitted slopes of the first five estimates. The 
main difference between the first five and the 
last five estimates was in the curvature of the 
fitted functions of Groups 5-20 and 20-5. 

Group 5-20 had a slope for its very first 
estimate which was almost twice as large as 
the fitted slope for its first five estimates. 
This produced a reliable quadratic term in 
the fitted function for the first five estimates, 
F (1,3) = 42.3, p < 01. The reliability of 
the quadratic term is indicated in Table 1. A 
quadratic function has not been drawn to fit 
the triangles in the center of Fig. 1 because 
the effect was transitory. It can be regarded 
as a temporary artifact of the experimental 
method. The quadratic function would be 
convex upward. 

Group 20-5 followed Group 5-20. The 
slope of its very first estimate was also larger 
than the fitted slope for its first five estimates. 
This produced a reliable quadratic term, F 
(1, 3) = 442, р < 01. The curvature was 
again convex upward. By the time the last 
five estimates were made, the local distortion 
of the fitted functions had largely disap- 
peared. The quadratic terms were no longer 
reliable. For Group 5-20, F (1, 3) = 62, 
b > 05; for Group 20-5, F (1,8) 2547, 2 
> .05. 


Discussion 


Very first estimates and transfer effects.— 
The slopes calculated from the very first esti- 
mates confirm the results of Beck and Shaw 
(1963) for multiple estimates of pitch magni- 
tude. Variables close to the standard give 
steeper slopes than variables farther away. 
This effect can be described in terms of Te- 
sponse bias. The Os start an experiment ОЛ 
magnitude estimation with a set of numbers 
which they consider to be suitable. Theit 
estimates are determined partly by the physica 
variables presented and partly by the set O 
numbers. In selecting a first number for the 
very first variable, they tend to choose a num- 
ber nearer to the middle of the set than the 
physical value of the variable warrants. 
similar tendency is found with very first frac" 
tional estimates ( Poulton, 1968). 

However, the picture changes when slopes 
are fitted to the first five estimates, Now 0% 
who start with a variable close to the standard 
have the less steep fitted slopes. This СО 
firms the results of Poulton et al. (1965) £” 


FIRST VARIABLES AND MULTIPLE LOUDNESS ESTIMATES 


multiple estimates of the darkness of grays. 
The results in Table 1 suggest that it does not 
matter whether O starts with the variable of 5 
db. more intense than the standard and judges 
the variable of 20 db. second or judges the two 
variables in the reverse order. As long as he 
judges small- and medium-sized variables first, 
the slope will not be very steep. Apparently 
Os who start with small numerical estimates 
tend to stick to small numbers, while Os who 
Start with large numerical estimates continue to 
use larger numbers. 

Table 1 shows that Group 5-20, which 
Started with the least intense variable, had a 
reliable quadratic term when a function through 
the standard at the origin was fitted to the 
Medians of the first five estimates. The slope 
Was steeper for variables close to the standard 
than for variables farther away. This is a 
direct result of the change in slope during the 
irst five estimates. The steep slope of the 
function close to the standard was determined 
У the very first estimate. The less steep slope 
ОЁ the function farther away was determined by 
the relatively small numbers used by Os in sub- 
Sequent estimates. : 

By the time Os had made 15 estimates, the 
unction had tended to straighten out. The 
Quadratic term was not reliable for the last 5 
ОЁ the 15 estimates. After a few more esti- 
Mates the medians might have fitted a straight 
ine beautifully, as in Stevens’ (1962, Fig. 3) 
est results. Clearly straight line fits can 
Conceal a good deal of preliminary response 
Shaping while Os are being taught by the ex- 
Perimental procedure what numbers to give. 

. Steeper slopes from multiple than from frac- 
tional estimates——Table 1 shows that the calcu- 
ated slopes of the very first multiple estimates 
9f loudness ranged from .60 to .37 for variables, 

to 35 db. more intense than the standard of 
about 65 db. The slope through the — 
fitted to the four sets of very first multiple 
Sstimates taken together was 39. These нон 
аге all steeper than the calculated slopes Of е 
Medians of the very first fractional саи 

loudness obtained by Stevens and Paine 
(1956), There the slopes ranged from Y d 
23 for variables 6 to 40 db. less intense foot 
the standard of about 100 db. The a a 
through the standard fitted to the medians 0 
the four sets of very first estimates posit 
Sether was 24. The quadratic term was jus 
reliable, F (1, 2) = 32.5, p < .05. ifie 

he present experiment differed from " 

Xperiment of Stevens and Poulton (1956) v 
€ kind of sound studied. It used octave es 
Noise extending from 600 to 1,200 Hz, wi! 
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Stevens and Poulton used a 1,000-Hz tone. 
However, the relatively large differences in 
slope between the very first multiple and frac- 
tional estimates are unlikely to have been due 
to the physical characteristics of the sounds. 
For above 60 db. there is little difference be- 
tween the slopes given by the two kinds of 
sound (Stevens, 1955, Fig. 7 and 8). 

The steeper slopes from multiple than from 
fractional estimates are not restricted to very 
first estimates. Table 1 shows that the fitted 
slopes of the last five estimates of loudness 
ranged from .36 to .43. They are all steeper 
than the average slope calculated from Stevens' 
collected data (1955, Table 1 and Fig. 1). 
Stevens tabulated all the results available at 
the time on half-loudness judgments of tones 
with a frequency of about 1,000 Hz. Over the 
range of intensities between 40 and 110 db. the 
average reduction in intensity for half loudness 
was 10 db. This gives a slope of .3. 

Curiously enough, in Stevens' collected data 
there is practically no overall difference be- 
tween the averages for halving and for dou- 
bling. The difference was presumably masked 
by transfer effects from prior estimates of the 
other kind (Poulton, 1968, Fig. 2). In the 
absence of transfer effects the average slope 
for halving would probably have been rather 
smaller, and the average slope for doubling 
would have been larger. 
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TEMPORAL COURSE OF SELECTIVE ATTENTION} 


CHARLES W. ERIKSEN? anb JAMES F. COLLINS 


University of Illinois 


Studies of visual memory have used a technique where a brief presentation of 
a display is followed some milliseconds later by a bar or line indicator desig- 
nating the position that had been occupied by an element of the display. 
While the major interest has been in the decreasing accuracy in reporting the 
element as the indicator is increasingly delayed, an equally important problem 
is the ability of these indicators to selectively determine attention in a matter 
of milliseconds. The present experiments compared the effectiveness of four 
different kinds of indicators and obtained estimates of the time required to 
process them or apprehend their meaning. 


Averbach and Coriell (1961) introduced 
a technique in which they presented two 
rows of 8 letters each for a brief duration. 
In a matter of milliseconds following termi- 
nation of this display, a black bar indicator 
appeared over the position that had been 
occupied by one of these 16 letters. The .S’s 
task was to report the letter that had oc- 
cupied the position designated by this indi- 
cator. Accuracy of S's report was found 
to be a decreasing function of the delay of 
the indicator with performance tending to 
asymptote at delays of 300 msec. or more. 
The results were interpreted in terms of a 
decaying visual image of the display, and 
their findings have been confirmed by 
numerous other investigators (e.g., Eriksen 
& Collins, 1967 ; Eriksen, Collins, & Green- 
spon, 1967; Keele & Chase, 1967). 

This perseverating image, or as Neisser 
(1967) has termed it, icon, has generated 
considerable interest, but an equally if not 
more interesting characteristic of this ex- 
perimental technique is the means by which 
attention can be selectively directed in a 
matter of milliseconds to the relevant 
stimulus item. With the exception of 
Sperling (1960), who used auditory signals 
of different frequency to designate the 
critical stimuli in his visual displays, Es 
seem to have been content with employing 
either the bar markers or arrowlike lines 
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as indicators for the critical display 
element (s). А 
А natural question is whether certain 
types of indicators might be more effective 
than others in directing S's attention to m 
critical area of the display. A relates 
question concerns the time it takes for wt 
indicator to selectively manipulate S's не: 
tention. Two recent experiments hav t 
suggested that line or bar indicators are 10 
completely effective іп eliminating t 
effects of extraneous information in briefly 
exposed visual displays. Eriksen he 
Lappin (1967) found that when line in D 
cators designated the relevant pair of m 
pairs of briefly presented nonsense for ma 
recognition memory was not as accurate . 
when only the relevant pair of nonem is 
forms was presented in the display. T E 
was true even when the indicators gcenn 
simultaneously with the presentation of dy 
two pairs of nonsense forms. More recen" 
Keeley (1968) found that detection E 
target form in briefly presented displays C. 
creased as the number of noise elements jy 
the display increased even though a e 
visible line indicator was used to desig? 
the target. ted 
Eriksen and Lappin (1967) interpre 
their results as the inability of select. 
attention to completely eliminate int i 
ference from the extraneous informatio? | e 
the display, but it is also possible that б 
performance decrement was attributa! 
the time it takes for selective attentio" pe 
Process or apprehend the indicators: now. 
existence of a rapidly decaying icon bY P 3f 
seems to have been well substantiated: 
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it requires 100 msec. or more for the indi- 
cators to selectively manipulate attention 
to the relevant item of a display, one would 
anticipate that the trace or icon of the 
display has been decaying in clarity within 
this 100 msec. Thus by the time attention 
has been directed to the relevant aspect of 
the display, some deterioration in the icon 
has already occurred, making the informa- 
tion in the display less legible or accurate 
In perception. 

It was the purpose of the present ex- 
Periments to compare the effectiveness of 
Several different types of indicators and 
also to obtain estimates of the time re- 
quired to process or apprehend them. 


EXPERIMENT I 


This experiment investigated the effec- 
tiveness of four different visual indicators. 
he visual displays were circular arrange- 
ments of six capital letters arranged in the 
Positions corresponding to 2, 4, 6, 8, 10, 
and 12 o'clock. For the line condition, the 
indicator was a black narrow line located 
externally to the circular array of letters 
and positioned so it could have been an ex- 
tension of a radius from the center of the 
Circle through the letter the indicator de- 
Signated. In the "opposite" condition the 
indicator was the same as above, but Ss 
instructions were to report the letter dia- 
metrically opposite to the, letter having the 
line indicator pointing to it. In the arrow- 
ead condition the indicator was a black 
arrowhead located at the center of the 
Circular display and rotated in its aiee 
tional orientation to designate one of the 
Six letters. The final condition used a 
arge Arabic numeral from one to six 1n ше 
Center of the display, and S reported t T 
isplay letter corresponding to the assigne 
Number location. 


M ethod 


tudents (12 males) 


Subj ў і ity S 
ects.— university nt 
йс. тиан al vision served as 


fad normal or corrected-to-norm: 
id volunteers. . "a 
Apparatus and  malerials.—Stimuli ics ed 
Played with a three-field Model GA Scientifie | DU 
Уре tachistoscope which had been modifie ts) 
Placing the standard bulbs with Sylvania a 
fluorescent lamps. The luminance © 


tachistoscopic field was set at 2 mL. Thirty-six 
stimulus displays were constructed. Each con- 
tained two each of the capital letters A, T, and U, 
placed in random arrangements in the six possible 
display positions. The letters were obtained from 
Paratipe No. 11316 and subtended .2° of angle. 
The display had a diameter of 1.8° of visual angle 
and the letters were .6° apart center to center. For 
the line indicator condition a straight line .9° of 
angle long and .05° wide was used. The line was 
located with reference to the center of the display 
beyond the designated letter with the nearest end 
.1? of angle from the designated letter. For the 
arrowhead condition the indicator was .76° of angle 
long and .4° of angle at the wide end, and it was 
located in the center of the circular display. For the 
number condition the indicators were the numbers 
1-6 with the 1 designating the letter at the 12 o'clock 
position and the succeeding numbers following clock- 
wise around the circular display with the number 6 
designating a letter at the 10 o'clock position. The 
numbers used were .5? of angle high and located in 
the center of the display. The indicators for all 
conditions were mounted on transparent plastic 
cards so they could be placed directly in front of 
the stimulus display in the same tachistoscopic field 
on conditions where display and indicator were to be 
presented simultaneously. On the trials where the 
display and indicator were not concurrent the trans- 
parent card containing the indicator was placed in 
the third field in front of a blank white card of the 
same composition as the card on which the display 
symbols were mounted. On these nonconcurrent 
trials a blank transparent card was placed in the 
display tachistoscopic field to insure equal luminance 
for the display for both simultaneous and non- 
simultaneous display indicator conditions. 

Procedure.—Prior to beginning the experiment 
proper each S was run for two sessions during which 
his task was to identify the six numbers used for 
the number condition. In these practice sessions, 
circular displays of six "Xs" were employed with 
the numbers 1 through 6 occurring in the center 
of the arrangement. The purpose of these practice 
sessions was to determine an exposure duration for 
each S where he could identify the indicator number 
with approximately 95% accuracy. The 20 Ss were 
thenassigned equally tothe four indicator conditions, 
but matched across conditions on the basis of the 
exposure duration necessary for them to achieve 
approximately 95% accuracy in reading the six in- 
dicator numbers. The mean exposure duration was 
24 msec. across the 20 Ss, with a range of 17 to 30 
msec. ы Аз 

Following assignment to an indicator condition, 
Ss were given two additional practice sessions to 
accustom them to the letter displays and the par- 
ticular type of indicator that would be employed in 
the condition to which they had been assigned. In 
each of the following six experimental sessions each 
5 received 12 trials on each of eight interstimulus 
intervals (ISIs). For three of these ISIs the indi- 
cator appeared and terminated before the display 
appeared (1515 of 100, 50, and 0 msec.). For the 
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aining 151 values the indicator appeared con- 
е With the display or 0, 50, 100, and 300 msec. 
after termination of the display. For all four in- 
dicator conditions at each of the eight ISI values the 
duration of both indicator and display was that 
value that had been determined for S to yield 95^; 
accuracy in reading the indicator numbers in the 
practice sessions. M" М 
The order of ISI values within sessions was 
counterbalanced over Ss and sessions. Each letter 
and indicator position was presented an equal num- 
ber of times at all ISI values. On each trial, S was 
instructed to fixate a black X in the center of an 
otherwise blank white field and to trigger the stimu- 
lus onset when the X was in clear focus. The fixation 
field was on continuously during a trial except when 
one of the two stimulus fields was on, thus elimi- 
nating luminance summation-contrast reduction 
effects (Eriksen, 1966). In order to determine the 
extent to which errors were attributable to .S's 
failure to correctly identify or perceive the indicator, 
S was required on each trial to report the display 
position that had been indicated as well as to report 
the letter occupying that position. 


Results and Discussion 


The percentage of correct identifications 
of the indicated letter was analyzed in a 
Lindquist Type I analysis of variance. 
Performance differences among the four 
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Е (3,16) = 10.09, p < .01, as were the 
effects of ISIs, F(7, 15) = 18.07, p < .01. 
The Indicator Conditions X ISIs inter- 
action did not approach significance, 
Е (21, 112) = 1.47. 

In Fig. 1 the precentage of correct identi- 
fications for the four indicator conditions 
is shown as a function of ISI. The signi- 
ficant effect of ISI is seen in part to be a 
monotonic decline in identification accuracy 
as the indicator is increasingly delayed 
following termination of the display. This 
effect is present for all four indicator con- 
ditions and reflects the now well-established 
decay of the icon (Averbach & Coriell, 
1961; Keele & Chase, 1967 ; Sperling, 1960). 

Of more interest is the improvement in 
performance that is obtained where the 
indicator precedes the display. In all four 
conditions, identification accuracy of the 
indicated letter is superior if the indicator 
occurs and terminates 100 msec. before the 
display is presented than if display and 
indicator occur simultaneously. ; 

The significant difference among indi- 


indicator conditions were significant, cator conditions appears to be mainly 
so 
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Fic. 1. Percentage of correct identifications 


INTERVAL IN MILLISECONOS 


of the indicated display letter 


asa function of the ISI by which the indicators preceded or followed the display 


under the four indicator conditions. 
and indicator presentation. The 


for errors in reading the indicator.) 


(The “S” denotes simultaneity of displ 


ind "X" points above the function for the number 
condition represent the values for this function when 


ay 


an adjustment is made 
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attributable to the very poor performance 
obtained with the number indicator. If 
the data for the condition are excluded and 
the analysis of variance repeated using 
only the line, arrowhead, and opposite 
indicator data, no significant effect is 
found for differences in indicator conditions, 
F (2,12) = 1.78, p > .10. 

The lack of performance differences for 
the line, opposite, and arrowhead indicators 
Suggests that their meaning is apprehended 
Or processed equally rapidly. Further, it 
Suggests that the selective attentional func- 
tion these indicators are serving is not 
attributable to some type of mass or bulk 
effect leading to differential weighting of 
the information in the display location 
Where they occur. The arrowhead indicator 
'S essentially equidistant from each display 
Position irrespective of where it points, as 
Contrasted with the line indicator. Yet 
there is no significant difference in their 
effectiveness, Performance is actually best, 
although not significantly, for the opposite 
Condition where the designated display 
etter is as far removed as possible from the 
Physical location of the indicator. This 
finding would counterindicate a theory that 
indicators work by drawing a primitive 
attentional mechanism to the part of the 

eld that contains more bulk or is novel or 
different from the rest of the display. A 

The poor performance obtained with the 

rabic numeral indicator might at first 
thought be attributed to poorer perception 
Ог accuracy in perceiving the number that 
Was presented. If 5 were unable to read 
the number on a significant proportion of 
“Ne trials, then he would not know on those 
trials which letter to report. This possi- 
Шу can be examined by computing the 
Number of times S reported the wrong indi- 
Cator location under each of the four indi- 
Cator conditions. In the number condition 

Пе average 5 misread the indicator number 
9n 3.6% of the trials. For the other three 
Conditions, error in perceiving the correct 
alue of the indicator was appreciably 
ess than 1% of the trials. However, Pe 
8reater frequency of errors in reading the 
'"ndicator in the number condition 15 not 
"esponsible for the poorer performance ob- 
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tained in reporting correctly the designated 
display letter. If only those trials are 
scored where SS reports the correct indicator 
value, the percentage of correct letter 
identifications do not change in any appre- 
ciable way. This can be seen in Fig. 1 
where the X values lying above the function 
for the number indicator condition repre- 
sent these adjusted scores. 

While the poorer performance obtained 
for the number indicator does not appear 
attributable to misreading the indicator 
number, it is nonetheless possible that .Ss 
were making some errors in translating the 
number into the corresponding display 
location. In all the other indicator con- 
ditions the indicator had an immediately 
given spatial relationship to the designated 
display location. In the number condition, 
S had to correctly perceive the number and 
then translate this number into the corre- 
sponding display location. The 55 uni- 
formly reported that they occasionally 
would perceive the number but direct their 
attention. to the wrong location in the 
display, realizing almost simultaneously 
that they were picking up the wrong loca- 
tion. Although Ss were highly practiced 
on translating numbers into display loca- 
tion, apparently under the severe time 
pressure of the task these translation errors 
did occur. Since S had perceived the 
number correctly, these translation errors 
would not be reflected in the measure of 
indicator error. 

For all indicator conditions, performance 
in reading out the designated display letter 
is superior if the indicator precedes the 
display by 50 or 100 msec. than if display 
and indicator occur simultaneously. This 
is an expected outcome if one assumes that 
a finite time is required for processing the 
indicators and directing attention to the 
relevant display location. If display and 
indicator are presented simultaneously, the 
icon of the display can be presumed to be 
decaying during the time required for 
processing the indicator and directing at- 
tention to the relevant display location. By 
the time attention is directed to the relevant 
display location the icon has decayed 
enough in clarity so as to impair perform- 
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ance in reading out the designated letter. 
By presenting the indicator at an appro- 
priate interval before the display, the time 
required to direct attention can be allowed 
for, thus leaving S able to respond immedi- 
ately to the appropriate display location 
when the display occurs. 


EXPERIMENT II 


In the previous experiment the ISIs by 
which the indicator preceded the display 
were too few in number and covered too 
short a range to provide more than a sug- 
gestion as to the effectiveness of the indi- 
cator occurring before the display. Also 
the short range of ISI values employed did 
not permit a determination of asymptotes 
which in turn would suggest the range of 
time required to process the indicator and 
direct attention to the appropriate display 
location. In the present experiment the 
authors have compared the number and 
arrowhead indicators not only when they 
occur simultaneously with the display, but 
also when they precede the display at five 
ISI values ranging to 400 msec. 


Method 


Subjects —Fourteen university students (eight 
males) with normal or corrected-to-normal vision 
served as paid Ss. 
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Fic. 2. Percentage of correct identifications of 
the indicated display letter as a function of the ISI 
by which the number and arrowhead indicators 
preceded the display. (The "S" denotes simul- 
taneous presentation of display and indicator.) 
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Procedure.—The stimuli, apparatus, and рго- 
cedure were essentially the same as in Exp. 1 ex 
cept that only two indicator conditions were used— 
the number and the arrowhead. All Ss were run à 
total of eight sessions. During the first two sessions 
an exposure duration was established for each 5 that 
yielded 95% accuracy in identifying the number in- 
dicator presented in a circular display of six bla! 
Xs. This duration was then used for that S as the 
duration of exposure of indicator and display in the 
experiment proper. The mean duration was 
msec. with a range of 18 to 30 msec. The Ss were 
divided into two groups on the same basis as !? 
Exp. I. In the next two sessions, Ss were practice 
on the type of indicator for the condition to whic 
they were assigned. Each letter position in the dis- 
play was assigned a number from 1 to 6. On ipe 
trial, S was instructed to give three responses: t " 
number of the indicated position, the letter іла! 
cated, and the display letter opposite the indicate? 
letter. This last response was introduced as а GE 
trol for possible changes in fixation at the longer p. 
values. The experimental data were collected ! 
four additional sessions. There were six blocks | 
18 trials in each session. Six ISIs were used betwee 
termination of the indicator and the onset of 10 
display: simultaneous, 100, 150, 200, 300, and rder 
msec. Each ISI occurred in each session, and О! Ss. 
of ISIs was counterbalanced over sessions and 


Results and Discussion 


Figure 2 shows the percentage of correo 
identifications of the indicated letter for t 
arrowhead and number conditions 45 Г 
function of the ISI by which the indicat? 
preceded the display. These data = 
analyzed in a Lindquist Type I analysis Я 
variance. As in the previous ехрегіте. i 
the arrowhead condition yielded super) 
performance at all ISI values, F (1) n 
= 6.62, р < .05. For both indicator ©”, 
ditions, performance continued to impr y 
as the indicator preceded the display 50, 
increasingly longer ISIs, F (5, 60) = 19 ls 
P < .01. The significant Indicators X } is 
interaction, F (5,60) = 2.24, р < 0?” 1 
mainly attributable to a more rapid gar of 
performance for the number indic? 0 
within the interval from simultaneous 
100 msec. en 

To insure that these differences Бере, 
the two indicator conditions were ПО! 10 
tributable to Ss misreading the posit er 
designated by the indicators, the n ш w0 
of indicator errors committed in the the 


ч : r 
conditions were again analyzed. F° 
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arrowhead condition, errors represented 
only .03% of all trials, while for the number 
Condition the corresponding value was 
995. In neither condition could this type 
of error have had more than a trivial effect 
on the accuracy of reporting the letter de- 
Signated by the indicator. 

Again Ss reported that they occasionally 
read the indicator number correctly, but 
attended the wrong display position. The 
Occurrence of this type of error could ac- 
count for the failure of performance under 
the number condition to equal that of the 
arrowhead even when indicators preceded 
display by 400 msec. 

The present results provide quite clear 
Confirmation that an indicator preceding 
the display leads to improvement in ac- 
Curacy of reporting the designated letter. 

his is an expected outcome if the proces- 
Sing of an indicator and the direction of 
attention requires a period of time. The 
icon of the display can decrease in clarity 
during the processing time when display 
and indicator are presented simultaneously. 
n effect, simultaneous presentation of 
display and indicator samples the state of 
the icon at л msec. after onset of the 
display, where z is the time required to 
Process the indicator and direct attention. 

For the arrowhead condition, the gain in 
Performance as the indicator precedes the 
display by longer ISIs is probably largely 
due to the Ss' ability to read out the desig- 
nated element while the icon of the display 
15 at increasingly higher levels of clarity. 
However, part of the gain may be attribut- 
àble to some variability in the time required 

9 process the indicator and direct atten- 
lon. These same factors would also be 
"ésponsible for gain in performance 17 the 
Number condition, but here in addition, 
Onger ISIs between indicator and display 
3 50 provide an opportunity for S to correct 
Ог reduce errors in translating the number 
"to the appropriate display location. The 
Peration of these additional factors coul 
account for the significantly larger gain in 
*rformance between simultaneous ап 

Ü-msec, ISI noted for the number 

Condition, 
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EXPERIMENT III 


In the preceding experiment there is a 
possibility that the Indicator Condition 
X ISIs interaction may be due to a ceiling 
effect. With a simultaneous indicator 
performance for the arrow condition is 
88%, while for the number condition it is 
only 67.2%. The greater increment in 
performance obtained by the number con- 
dition as ISI is increased to 100 msec. or 
more may be due to the fact that the arrow- 
head condition has less room for improve- 
ment, or to a nonlinear relation between 
percentage of correct identifications and 
the underlying psychological processes. 

In the two preceding experiments the 
letter displays had the same average ex- 
posure duration in all indicator conditions. 
In the present experiment the possible 
ceiling effect was circumvented by adjust- 
ing exposure duration of the display so as 
to achieve the same performance level for 
both conditions when display and indicator 
were simultaneous. 


Method 


Subjects.—Five female university students with 
normal or corrected-to-normal vision served as 
paid Ss. 

Procedure.—Apparatus and stimuli were the same 
as in Exp. I and II. Unlike the first two studies, all 
Ss were run under both the number and arrowhead 
indicator conditions. For each condition an ex- 
posure duration was established for each S which 
allowed an accuracy rate of approximately 70% for 
identifying the indicated letter when display and 
indicator were presented simultaneously. Average 
durations were 16 msec. with a range of 10 to 19 
for the number condition and 10 msec. with a range 
of 5 to 13 for the arrowhead indicator. Two sessions 
for each condition were used to establish the neces- 
sary exposure durations. After an additional prac- 
tice session with the delay conditions, four sessions, 
each with six blocks of 18 trials, were run for each 
condition to collect data on the six delays: simul- 
taneous, 100, 150, 200, 300, and 400 msec. As in 
Exp. II, the indicator occurred first in all delay con- 
ditions. Indicator conditions were counterbalanced 
over Ss, and again S reported on each trial the in- 
dicator location, the indicated display letter, and 
the display letter diametrically opposite. 


Results and Discussion 


The percentage of correct identifications 
is shown in Fig. 3 as a function of the 


PERCENT CORRECT 
E] 


60. @—® ARROWHEAD 
0---0 NUMBER 


200 150 100 5 


400 300 


INTERSTIMULUS INTERVAL IN MILLISECONDS 


Fic. 3. Percentage of correct identifications of the 
indicated display letter as a function of the number 
and arrowhead conditions when the luminances of 
the displays are adjusted so as to yield equal per- 
formance under simultaneous (S) presentation of 
display and indicator. 


indicator condition and ISI. A three-way 
analysis of variance (indicator conditions, 
ISIs, and .Ss) showed the effect of ISI, 
F (5, 20) = 47.67, the ISI X Indicator 
interaction, F (5,20) = 4.33, and the 
Indicators X Ss interaction, F (4, 20) 
— 11.36, to be significant beyond the .01 
level. The effects of indicator conditions, 
F (1,4) — 8.54, and Ss, F (4,20) — 3.14, 
were significant beyond the .05 level. 

With simultaneous occurrences of indi- 
cators and displays, both indicator con- 
ditions yielded 72% accuracy in identi- 
fication of the designated letter, a result to 
be expected due to the preexperimental de- 
termination of exposure durations for the 
two conditions that would lead to identical 
performance with the simultaneous ISI. 
However, at all ISI values longer than 
simultaneity the number condition shows 
superior performance, a finding in contrast 
with that of the preceding two experiments. 
For the two conditions, performance be- 
comes asymptotic by an ISI of 200 msec. 

It is quite apparent that a ceiling effect 
was not responsible for the interaction ob- 
tained between arrowhead and number con- 
ditions and 151 in the preceding experiment. 
The curve obtained for the arrowhead con- 
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dition in the present experiment is almost 
identical to that obtained in Exp. II when 
an adjustment is made for the difference 
in percentage correct under the simultane- 
ous ISI. 

The superior performance obtained for 
the number indicator at ISI values of 100 
msec. or longer can be attributed to the 
greater energy of the displays in this con- 
dition. In the preceding experiment the 
displays were presented at the same dura- 
tion under both indicator conditions, but in 
the present experiment the displays for the 
number condition had to be presented, on 
the average, 6 msec. longer in order to 
achieve the same criterion of performance at 
the simultaneous ISI as that of the arrow- 
head condition. If one assumes that the 
greater energy of the display leads to 2 
clearer preception or icon, an assumpti?» 
supported by Keele and Chase's (196 
data, then the difference in asymptote in 
for the two conditions reflects the differen 
amounts of display energy. When the 
indicator precedes the display by an A 
that is long enough for the indicator to 7" 
processed and attention directed, per 
formance level at this ISI value is dete, 
mined by the exposure duration at УЕ 
the display has been presented. The iae 
the exposure duration, the higher t" 
performance. 


GENERAL Discussion 

The possibility that the performance La 
obtained when indicators precede the dips 
is due to change of fixation needs to be с is 
sidered. The latency for voluntary cascade? 
on the order of 150-200 msec. Thus whe" ec 
indicator precedes the display by 150 Lp 
or more, there is the possibility that 5 nd- 
change his fixation from the point correspo ig- 
ing to the center of the display to the Р ill 
nated position where the display letter 
appear. Since acuity within the fovea V? 3 
markedly even within 1? of the center, suc 
change in fixation would result in the ist 
letter falling on a more sensitive fovea! reg 


with better identification performance- and 
To control for this possibility, Exp- TT it" 
IIT required that 5 not only report the € pe 


nated display letter on each trial, but Li to 
letter diametrically opposite. In addit 
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reducing S's temptation to change fixation to 
the designated display position, this procedure 
also provided an objective check on whether 
he did. 

The diameter of the display was 1.8? of 
visualangle. If S at thelonger ISI values were 
changing his fixation to the designated display 
letter in anticipation of the appearance of the 
letter, then not only should there be a gain 
for the letter occurring in this position, but 
there should be an appreciable loss in per- 
formance at these ISI values for identification 
of the letter diametrically opposite. 

New analyses of variance were performed on 
the data of Exp. П and III in which the non- 
indicated letter was put in as an additional 
variable. If a changein fixation were occurring 
at the longer ISI intervals, this should be 
revealed in an interaction between the indi- 
cated-nonindicated letter and ISIs. In neither 
experiment did these interactions approach 
significance, F (5, 20) — 1.19; F (5, 60) — 1.19, 
b's > 10, for Exp. П and III, respectively. 
In both, performance for the indicated letter 
Was significantly better than that for the non- 
indicated letter, but in three out of the four 
Possible comparisons the difference between 
indicated and nonindicated letter was greater 
at the simultaneous than at the 300- and 400- 
msec, 1515, In the remaining instance the 
greatest difference was at 100-msec. ISI, an 
interval too short for change of fixation. Thus 
these results offer no support for the possi- 
bility that a fixation change could have been 
responsible for the performance gain obtained 
when the indicator preceded the display. 

Experiments II and III quite clearly indi- 
Cate a processing time for the perception of the 
indicator, If the data from these two experi- 
ments are considered together, the time re- 
Quired to process the indicator and direct 
attention is found to be on the order of 200 
msec, Thus when display and indicator ше 
Presented simultancously, 8$ much as 20 
msec, may elapse before the designated ele 
Ment is read out of the icon of the display. 
And during this time the icon has been de- 
Creasing in clarity. 

This decay of the icon has 
Cations for the interpretation 0 


important impli- 
{ the selective 


attention experiments of Eriksen and Lappin 
(1967) and of Keeley (1968). These investi- 
gators found that form identification was 
impaired when the critical form was imbedded 
in multielement displays as opposed to being 
presented alone in the visual field even though 
the critical form was clearly designated in the 
multielement displays by line indicators. 

Eriksen and Lappin (1967) had speculated 
that the deterioration of performance with the 
multielement displays was attributable to the 
inability of the selective attentional mechanism 
to completely eliminate the extraneous or 
interfering inputs. On the basis of the present 
findings it appears that these "failures of 
selective attention" are, at least in part, 
attributable to decay in the icon during the 
time required to process the associated 
indicator. 
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REMINISCENCE IN SHORT-TERM MEMORY ! 


C. JAMES SCHEIRER anp JAMES F. VOSS? 
University of Pittsburgh 


Reminiscence in the short-term memory of single associations was studied ina 


series of six experiments. 


The data indicated that duration of interpair in- 


terval was the primary factor producing reminiscence, thus suggesting that 
reminiscence is attributable to interference from previously presented pairs. 


‘Another finding was that essentially no forgetting occurred after 8 sec., regard- 


less of stimulus presentation duration or verbal material. 


The results were 


considered in relation to other studies which demonstrated reminiscence, and 
the findings also were related to three hypotheses involving the nature of the 
interference found in the present experiments. These hypotheses were (a) 
classical interference, which attributes interference to the amount and similarity 


of material; (b) a two-stage processing 


hypothesis, which attributes interfer- 


ence to the first or processing stage; and (c) an acquisition hypothesis, which 
attributes interference to the influence of prior pairs on acquisition, not reten- 


tion, of new pairs. 


In recent years the reminiscence effect 
(Buxton, 1943; Ward, 1937) has been 
studied within the context of short-term 
memory. Peterson (1966), using a single 
presentation of a list of five word pairs and 
retention intervals of 0, 8, 16, or 24 sec., 
found general improvement in performance 
over the 8-, 16-, and 24-sec. retention inter- 
vals. Keppel and Underwood (1967), using 
a single presentation of five single-digit 
bigram pairs and retention intervals of 4, 
19, 64, 184, and 304 sec., found recall su- 
perior in the 19-sec., compared to the 4-sec., 
condition, but performance declined at 
intervals longer than 19 sec. 

The series of experiments reported in the 
present paper emerged from an experiment 
which was one of a number of studies de- 
signed to investigate the law of contiguity 
as related to the acquisition of single associ- 
ations. Five durations of single-pair pre- 
sentation were employed with five retention 
intervals. A decrease in retention was found 
from 0 to 8 sec., followed by reminiscence 
at 32- and 128-sec. retention intervals. The 
present paper reports these findings (Exp. 1) 
as well as the results of subsequent experi- 
ments which were designed to determine the 
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factors involved in producing the reminis- 
cence effect. 


GENERAL METHOD 


In each experiment, S sat behind a large wooden 
screen and could not observe E. In the center, e 
the screen was a hood through which 5 could nos 
the channel(s) of a Scientific Prototype thre 
channel tachistoscope. Directly above the тасв. 
scope hood was a translucent screen on which sli 
were projected. 8: 

The sequence of events in a trial was a$ follows 
The E said “Ready” about 2 sec. prior to the t 
vation of the tachistoscope. The stimulus, ап ass 
ciation of two verbal items, was presented Vià the 
tachistoscope for a preset length of time. t e 
offset of the stimulus, a pulse from the tachistoscoP 
was channeled into a timer which drove a Caro" ^l 
projector at a 2-sec. rate for a preset number " 
frames. The first slide presented on each trial co » 
tained a four-digit number which S read alor 
Then, when the projector clicked and a blank ee 
appeared, S began to count backwards by ge 
aloud, pacing himself to the 2-sec. rate d. an 
Carousel. The S counted in this manner unt! за! 
"X" appeared оп the screen. The X was the S87, 
for Sto attempt to recall the pair that was presen on 
In the 0-sec. condition, the only slide presented Es 
tained an X. At the appearance of the X 2.5, ; 
watch was started, and after 45 sec. the next ЕИ 
was begun. The Ss were instructed that they wed 
be asked to recall the pair that was presented oe 
also were told not to attempt to practice the ite 
during the backward counting interval. 


EXPERIMENT I 
Method 


sign 
Procedure.—Five retention interval (1) conditio. 
0, 2, 8, 32, and 128 sec., were employed as a be 
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S variable. Five presentation duration (D) con- 
ditions, 3, 1, 2, 4, and 8 sec., were employed as a 
within-S variable. Each S received 25 trials at one 
of the five I conditions, with five of the presenta- 
tions occurring at each of the five D conditions. 
Each D condition occurred once within each five- 
trial block, according to different random orders 
within each five-trial block. The first 30 Ss were 
assigned randomly to the 0-, 2-, or 8-sec. I conditions 
UN = 10/condition). The remaining 20 Ss were 
assigned randomly to the 32- and 128-sec. I condi- 
tions. All Ss were run within a period of a few 
weeks, and there was no reason to expect that a 
sampling bias occurred with this assignment. 

The stimuli were CVC trigrams and each member 
of each pair had an association value (AV) of 
75-85% (Archer, 1960). Half of the Ss in each con- 
dition received the pairs in an A-B order, while the 
other half received the pairs in the reverse (B-A) 
order. Pair order assignment was random and 
orthogonal to the I condition. 


Results 


Figure 1 presents the percentages of 
Correct responses as a function of I with D 
as parameter. (A correct response con- 
sisted of recall of the pair of items in either 
direction.) An analysis of variance on the 
frequency data revealed significant effects 
of I, F (4,40) = 16.23, p< 0l; D, 
F (4,160) = 37.03, p < Ot; and the 
IXD interaction, (16, 160) = 2.26, 
b < .01. The effect of pair order and all 
interactions containing pair order were not 
significant, F > 1.00 in all cases. 

An analysis for reminiscence was con- 
ducted by comparing recall performance in 
the 8-, 32-, and 128-sec. 1 conditions. For 
these intervals there was а significant effect 
of L F (2,27) = 485, p € 05, With а 
Significant linear component, F pon 
= 8.51, p < .01. The D source of vari- 
ation ain was significant, F (4 108) 
= 3244, p < .01, but the I x D interac- 
tion was not significant, F > 1.00. The 
Significant linear I effect indicates the 
Occurrence of reminiscence. The lack of 
significance of the I X D interaction over 
the 8., 32-, and 128-sec. I conditions indi- 
Cates that the reminiscence effect did not 
Interact with D condition and that the 
Significant I x D interaction of the over- 
all analysis may be attributed to different 
rates of forgetting of the D conditions over 
the 0- to 8-sec. I conditions. 
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Fic. 1. Percentage of correct responses as a 
function of retention interval with presentation 
deviation as a parameter. 


The first trial block data were analyzed 
in order to determine whether the reminis- 
cence effect occurred in the first five-trial 
block. The percentages of correct re- 
sponses for the 0-, 2-, 8-, 32-, and 128-sec. 
conditions were 100, 80, 52, 58, and 74, with 
a significant effect over the 8-, 32-, and 
128-sec. intervals, F (2, 27) = 4.08, p < .05, 
anda significant linear component, F (1, 2) 
= 7.63, p < .01. 


EXPERIMENT II 
Method 


Procedurc.—Experiment II was conducted in order 
to determine whether the reminiscence effect could 
be replicated and whether the reminiscence effect 
could be found for different verbal material. A 
2X2 factorial design was employed in which there 
were two D conditions, 1 and 4 sec., and two levels 
of meaningfulness (m). The low-m condition con- 
sisted of CVC trigrams of approximately 50% AV 
and the high-m condition consisted of words of CVC 
form which had a frequency of occurrence of 3-18 
per million (Thorndike & Lorge, 1944). 

The same five 1 conditions were employed as those 
of Exp. I, with the modification that I was a within- 
S variable. Each S of each of the four D and m cells 
received 25 trials, five at each of the five I conditions. 
Each I condition appeared once in each block of five 
trials. The total N was 60, with 15 Ss assigned to 
each of the four D and m conditions by use of a table 
of random numbers. Other conditions were com- 


parable to those of Exp. I. 


Results 

The percentages of correct responses for 
the four D and m conditions were 47,557, 
64, and 77 for the low-m 1-sec., low-m 
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4-sec., high-m 1-ѕес., and high-m 4-sec. 
conditions, respectively. An analysis of 
variance performed on the frequency data 
revealed significant effects of D and m, 
Е (1,56) = 9.28, 25.29, p's < .01, respec- 
tively, and a nonsignificant D X m inter- 
action, F (1, 56) < 1.00. In addition, the 
І source of variation was significant, 
F (4,224) = 103.83, p < .01, as was the 
I x m interaction, F (4, 224) — 4.13, 
p < .01. The percentages of correct re- 
sponses for the high-m and low-m I were 
100, 86, 60, 55, and 53 for the 0-, 2-, 8-, 32-, 
and 128-sec. I in the high-m condition 
and 95, 70, 32, 36, and 26 for the respective 
I intervals in the low-m condition. 

An analysis of variance conducted on the 
8-, 32-, and 128-sec. I conditions revealed 
significant effects of m, F (1, 56) = 22.11, 
р < .01, and D, Е (1, 56) = 8.15, р < .01. 
The I source of variation was not signi- 
ficant, F (2,112) = 1.83, р < .05. The 
I X m and I X D sources of variation also 
were not significant, F (2, 112) > 1.00. 

The results of Exp. II thus indicate that 
the reminiscence effect was not found when 
I was a within-S variable. Furthermore, 
the lack of significant I X D and I X m 
interaction sources of variation in the 
8-, 32-, and 128-sec. I conditions indicates 
that the reminiscence effect was uniformly 
not found over each of the four D or m 
conditions. 


EXPERIMENT III 
Method 


Procedure.—Since reminiscence was not found in 
Exp. II, the study was replicated with the modifica- 
tion that I was a between-S variable and the m 
and D conditions constituted within-S variables. 
The same levels of all variables were used, although 
no specilic stimulus item was the same in Exp. II and 
III. Each S received 24 trials with two presenta- 
tions of each of four mand D combinations randomly 
assigned within three blocks of eight trials. The N 
of each I condition was 10 and Ss were all practiced, 
having served in Exp. II. Other conditions were 
similar to those of Exp. I and II. 


Results 


The percentages of correct responses 
were 99, 93, 53, 65, and 68 for the 0-, 2-, 
8-, 32-, and 128-sec. I conditions, respec- 
tively. An analysis of variance performed 
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on the overall frequency data revealed 
significant effects of I, F (4,45) = 17.82, 
b < 01; m, Е (1,135) = 71.65, p < .01; 
D, F (1,135) = 82.35, p < .01; I X D, 
Е (4, 135) = 12.92, р < .01; and I X "t, 
Е (4, 135) = 8.47, р < .01. An analysis 
of variance conducted on the 8-, 32-, 
and 128-sec. I conditions yielded significant 
effects of m, F (1, 75) = 71.46, p < .01; D 
Е (1,75) = 8322, p < .01; and I X D, 
F (2,75) = 3.05, р < .05. The percentages 
of correct responses for the three I and two 
D conditions were 30, 53, and 57 for the 
1-вес. D condition and 77, 74, and 78 for 
the 4-sec. D condition for the 8-, 32- an 

128-sec. I conditions, respectively. These 
data thus indicate a significantly sharper 
rise over I for the 1-sec. presentation than 
for the 4-sec. presentation. Finally, 1t 
may be noted that a ¢ test indicated that 
performance in the 128-sec. condition yas 
superior to that of the 8-sec. condition, 
t (79) = 2.05, р < .05. 

The percentages of correct responses for 
the first trial block data were 99, 93, 49 
61, and 60 for the 0-, 2-, 8-, 32-, and 128 
sec. conditions, respectively. An analys? 
of variance revealed no significant remini*" 
cence effect over the 8-, 32-, and 12е 
intervals, F (2,27) = 2.60, p > .05, il 
though the differences are in the directio! 
of reminiscence effect. 


ExPERIMENT IV 


The results of the previous studies sug 
gest that the reminiscence effect is mor 
likely to occur as a between-S variable tha” 
a within-S variable and that with the exces 
tion of the 1 X D interaction foun e 
Exp. ПІ, the effect apparently is 1° 
pendent of m and possibly of D. 0 

Experiment IV was designed with n 
purposes in mind: first, to attempt ? as 
again to replicate the reminiscence effect fa 
a between-S variable and to use rete” - 
intervals spaced closer together in or isi 
to determine how consistent the effect ub 
second, to vary m over a wide /? ly 
in order to ascertain more conclusive ss 
whether the reminiscence effect yat 
with m. 
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Method 


Procedure.—Six | conditions were employed as a 
between-S variable: 0, 4, 8, 16, 32, and 64sec. Five 
m levels were employed as a within-S variable: 
28% AV CCC trigrams, 25% AV CVC trigrams, 
80% AV CVC trigrams, CVC words occurring 3-18 
times per million, and high-frequency CVC words 
having a Thorndike-Lorge AA rating. Each S 
received 25 trials with one presentation of each m 
value occurring randomly in each block of five 
trials. All Ss were required to spell the pairs in 
recall, Other conditions were similar to those of the 
Previous experiments. 


Results 


Figure 2 presents the percentage of cor- 
rect responses as a function of I for the 
five m conditions. Inspection of Fig. 2 
Shows that reminiscence occurred over the 
8- to 64-sec. I. An analysis of variance 
Conducted on the data of the 8-, 16-, 32-, 
and 64-sec, I conditions revealed a signi- 
ficant I effect, F (3,36) = 2.91, p < .05, 
With а significant linear component, F 
(1, 36) = 8.65, p < .01. Also, there was 
а significant effect of m, Ё (4, 144) 
= 119.60, р < .01. The I X m interaction 
Was not significant, F < 1.00. Theoverall 
analysis revealed significant effects of I, 
F (5,54) = 37.03, p < 01; m, F (4, 216) 
5 167.48, p < .01;anda significant m X I 
Interaction, / (20, 216) = 491, P < 01. 

he significant overall m X I interaction 
and the lack of a significant т X I inter- 
action over the I of 8 to 64 sec. suggests 
that different rates of forgetting occurred 
-etween 0 and 8 sec., but performance as à 
unction of m was essentially parallel 

ereafter, : 
t The percentages of correct responses in 
he first five-trial block for the respective 
~ to 64-sec. I conditions were 92, 32, 24, 
8, 46, and 52. An analysis of variance 
Performed on the 8-sec. to 64-sec. І con- 


in ions revealed a significant increase 

Р Performance over these I t 
(3, 36) = 4.55, p < .01, with a SIE 

ant linear component, F (1, 36) = 13.13, 
S .01. 

& The results of Exp. IV thus support ше 

Xistence of the reminiscence effect as ? 

Stween.S variable and also indicate that 


h : 
© effect does not vary with m. 
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Fic. 2. Percentage of correct responses as а 
function of I with m value as parameter. 


EXPERIMENT V 


Having been satisfied with the demon- 
stration of the reminiscence effect as a 
between-S variable, three hypotheses were 
considered as possible explanations of the 
phenomenon. Experiments V and VI were 
designed to test these hypotheses. 

First, it was noted that as I increases, 
practice in counting backward increases. 
Furthermore, such practice could reduce 
the interference that counting backward 
has on recall and also possibly permit an 
increase in rehearsal. The first hypothesis, 
therefore, was that reminiscence occurs 
because practice in counting backward is 
greater for longer I and reduces interference 
and/or increases rehearsal. Note also that 
Exp. ПІ provides evidence against this 
hypothesis because all Ss in Exp. ПІ had 
practice in counting backward and yet the 
reminiscence effect was found. 

The second factor hypothesized to be 
contributing to the reminiscence effect was 
distribution of practice. In the 8-sec. I 
condition, the retention interval was fol- 
lowed by a rest period of approximately 
45 sec., thus providing 53 sec. between 
presentations. For the 128-sec. I, however, 
the corresponding intervals were 128 sec., 
followed by a rest period of 45 sec., pro- 
viding 173 sec. between successive pres- 
entations. Thus, the longer I provided 
for longer intervals between presentations, 
and if distribution of practice facilitates 
the recall of single associations (Loess & 
Waugh, 1967), the reminiscence effect may 
be attributed to distribution of practice. 
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The third factor hypothesized to be 
operating in producing the reminiscence 
effect was that Ss, in receiving all trials 
at a particular I, might form a "set" to 
respond after the specific temporal interval, 
and if the operation of the set were to 
interact with I such that set was relatively 
more important at longer intervals, the 
reminiscence effect could be attributed to 
the role of a temporal set. Experiment V 
was designed to assess the role of these 
three factors in the occurrence of the remi- 
niscence effect. 


Method 


Procedure.—A two-stage design was used in which 
Stage 1 consisted of 10 trials with either an 8-sec. or 
a 128-sec. I. In Stage 2, Ss received 10 additional 
trials at an 8-, 32-, or 128-sec. I. There was no break 
in procedure between Stages 1 and 2. These six 
conditions are designated 8-8, 8-32, 8-128, 128.8, 
128-32, and 128-128. An additional 32-32 condition 
also was employed. The eighth and ninth conditions 
were distributed practice conditions in which I was 
8 sec., but the intertrial interval (ITI) was 205 sec. 
After 45 sec. of the ITI had elapsed, Ss in one con- 
dition (DP1) canceled digits and in the other con- 
dition (DP2) counted backward for 120 sec. After 
30 sec. more elapsed, the next trial occurred. (The 
Ss in Cond. DP1 and DP2 received only 10 trials.) 
The counting backward distribution practice condi- 
tions, it should be noted, provided a control for the 
128-sec. I condition by using an 8-sec. I but an ITI 
comparable to the interval between presentations in 


TABLE 1 


MEAN CORRECT STAGE 1 RESPONSES AND 
ADJUSTED PERCENTAGES OF STAGE 2 


RESPONSES 
Stage 2 condition 
I conditions — м 
8 32 128 
Mean correct Stage 1 responses Recall 
8 Sec. 35 50 51 45 
32 Sec. == 48 = 48 
128 Sec. 63 68 49 60 
Mean recall 49 55 50 
Adjusted percentages of correct Stage 2 Adjusted 
responses recall 
8 Sec. 56 58 61 58 
32 Sec, ула 59 — 59 
128 бес. 64 75 14 68 
Mean adjusted recall 60 64 68 


Note.—Mean recall for DP1 is 57, for DP2, 70. 
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the 128-sec. I condition. Moreover, counting back- 
ward provided a condition comparable to the 128- 
sec. I with respect to practice in counting backward. 
The digit cancellation control provided a base line 
to assess the effect of counting backward of DPI. 
The D was 2 sec. and the pairs were 80% AV сүс 
trigrams. Ten Ss were assigned via a table 0 
random digits to each of the nine conditions. 


Results 


The mean correct Stage 1 responses are 
presented in Table 1. The reminiscence 
effect was obtained in Stage 1, as indicated 
by the increase in correct responses ое! 
the 8-, 32-, and 128-sec. I conditions. A® 
analysis of variance conducted on the 
Stage 1 frequency data revealed a sign!” 
cant effect of I, F (2, 64) = 3.60, P < 05; 
and a significant linear component, 1l 
(1, 64) = 6.81, p < .01. The total reca 
results in the 8-8 and 128-128 contributions 
were in the direction predicted by гет 
cence, but the difference was not significan" 
F (1, 18) = 3.58, p > .05. J 

The data of Stage 2 were treated by 
regression transformation (Ferguson, 1 ne 
Pp. 266-267) which takes into account se 
variability between Ss in Stage 1 perform 
ance. The analysis uses as the depende”; 
variable the differences between obtain. 
standard scores and those predicted a 
the regression of Stage 1 on Stage 2 score ; 
In this study the sample mean of alle 
treated alike in Stage 1 was added t9 ^. 
score of each S so that the adjusted mes y 
would be in terms of obtained scores rat (he 
than standard scores. Table 1 presents ©, 
adjusted Stage 2 means, converte? j- 
percentages, for the seven Stage 2 exp? 
mental conditions. tor 

The possible occurrence of set as à id 
was tested by maintaining that recall cna: 
be better in Stage 2 of the 32-32 con e ce 
than in the 8-32 or 128-32 conditions 8! in 
there is no change in I between stage ne 
the 32-32 condition. Comparison 0. st 
transformed data does not yield sign! ysis 
differences (F > 1.00). A further an? the 
for set was conducted by analyzing 
probability of a correct response on Шер 
item of Stage 2, depending on wheth® 
not a shift in I occurs, A chi-squar@ 
(with Yates’ correction applied) У! 
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nonsignificant value of 1.30, p > .05. Fur- 
ther, if a partial correction for S differences 
is introduced by considering the conditional 
probability of a correct response on Item 
11 given a correct response on Item 10, this 
probability is .62 in conditions in which 
there was a shift and was .47 in the three 
nonshift conditions. One would predict 
from a set hypothesis that this difference 
should be in the opposite direction. If the 
direction of the shift (to a longer or a 
shorter I) is considered, the probabilities of 
a correct response on Trial 11 are .41 for 
no shift, .45 for shift to a longer I, and .60 
for shift to a shorter I. These differences 
аге not significant, x?(2) = 2.27, р > .05 
(Yates' correction used). These findings, 
therefore, do not support the role of set as a 
factor in producing the reminiscence effect. 

If recall is facilitated by increased prac- 
tice in counting backward, these differences 
Should be reflected in higher recall scores in 
Stage 2 for those Ss in the 128-sec. I condi- 
tion of Stage 1. When summed across the 
appropriate Stage 2 conditions, Ss recalled 
more items after 128-sec. I in Stage 1 than 
after 8-sec, I in Stage 1, F (1,48) = 6.52, 
P < .05. However, if recall is facilitated by 
Increased practice in counting backward, 
One would predict that recall should be 
higher for the DP2 condition in which Ss 
Count backward than for the DP1 condition 
in which Ss cancel digits. This comparison 
does not reach significance, F (1, 44) = 2.19, 
b > .05, although the difference 15 1n the 
Predicted direction. These findings may be 
taken as weak support for the counting 


backward practice hypothesis. 

A simple analysis of variance was con- 
ducted in order to compare the three Stage 
1 8-sec, conditions (massed) with the two 
There were significantly 
d prac- 
nother 


P conditions. 
More items recalled after distribute 
tice, р (1,44) = 10.27, p < 01. A 
analysis revealed no significant difference 
between the two DP conditions and the 
three Stage 1 128-sec. I conditions, 
м (2, 44) = 1.24, р > .05. These findings 
thus support the distributed practice 


Ypothesis. 


ч 


TABLE 2 


PERCENTAGES OF CORRECT RESPONSES FOR 
Each EXPERIMENTAL CONDITION 


Distribution condition 


I condition 
Massed DPI DP2 
8 sec. 53 67 65 
128 sec. 66 69 69 


EXPERIMENT VI 


The final experiment in this series was 
an attempt to replicate the findings of 
Exp. V and to investigate more thoroughly 
the effects of both distribution of practice 
and counting backward. 


Method 


Procedure.—This experiment consisted of a 2X3 
factorial design in which the two-level variable was 
either an 8-sec. or a 128-sec. I condition and the 
three-level variable was either massed practice 
(ITI = 45 sec.) or one of the two distributed prac- 
tice conditions (ITI — 305 sec.) used in Exp. V. In 
Cond. DP1, Ss counted backward; in DP2, Ss 
canceled digits. Each 5 received 10 trials. Ten 
Ss were randomly assigned to each of the six con- 
ditions. The stimuli were the same pairs used in 
Exp. V, divided into two lists equated for difficulty 
on the basis of the previous results. The lists were 
orthogonal to the six experimental conditions. 


Results 


Table 2 presents the percentages of cor- 
rect responses for the six conditions of 
Exp. VI. An analysis of variance con- 
ducted on the frequency data indicated that 
the I, distribution, and I X Distribution 
sources of variation were not significant, 
F (1,48) = 2.18, p > .05; F (2, 48) < 1.00; 
and F (2, 48) = 149, p > .05, respectively. 

Several specific comparisons, however, 
are of interest. For massed practice, the 
128-sec. I condition is significantly better 
than 8-sec. I condition, F (1, 18) = 6.02, 
р < .05. This result shows that the remi- 
niscence effect was produced since this is 
the same comparison for reminiscence used 
in previous evaluations. Distributed prac- 
tice with counting backward as the dis- 
tribution task is no better than distributed 
practice with digit cancellation as the dis. 
tribution task (F > 1.00). In fact, if the 
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8-sec.-I massed practice condition is ex- 
cluded, all other conditions yield recall 
measures which are practically identical 
(66%, 69%, 69%, 67%, and 65% correct- 
ly recalled). These results support the dis- 
tribution of practice hypothesis and do 
not support the counting backward hypo- 
thesis. 


DISCUSSION 


The results indicate that the reminiscence 
effect, as found in the present single-association 
short-term memory paradigm, is stable across 
variation in duration of stimulus presentation 
and meaningfulness and that the primary 
factor producing the reminiscence effect is the 
interpair presentation interval. The most 
reasonable explanation for this effect is that 
proactive inhibition (PI) from prior pairs is 
reduced by distribution of practice. Such an 
interpretation, it may be mentioned, supports 
Keppel's (1965) concern regarding proactive 
interference as a methodological factor in 
multiple-test short-term memory. 

The finding that reminiscence is a function 
of interpair interval supports other recent 
experimentation including Loess and Waugh's 
(1967) study in which it was found that 
performance improved as a function of inter- 
trial interval and Peterson and Gentile's (1965) 
finding of superior performance with increased 
time between testing and presentation of the 
next stimulus. With respect to reminiscence, 
the present results support the demonstration 
of reminiscence in short-term memory (Keppel 
& Underwood, 1962; Peterson, 1966). Closer 
comparison of the present studies to other 
results is necessary, however. 

Peterson (1966) employed presentation of 
five pairs followed by retention intervals of 
0, 8, 16, or 24 sec. It is of interest to note that 
the poorest recall for the first, second, and 
third pairs was at 0 sec., with reminiscence 
tending to increase over the 8-, 16-, and 24-sec, 
intervals. However, for the fourth pair and 
especially for the fifth pair, performance was 
best at 0 sec., then dropped, and then in- 
creased at the 24-sec. interval. Thus, the 
fifth pair, and to a small degree the fourth 
pair, yielded results similar to the present 
study. It may be suggested that presentation 
of the first pairs was somewhat analogous to the 
presentation of prior pairs in the present study, 
thus implying that reminiscence in the Peterson 
study is attributable to an intralist PI effect. 

Keppel and Underwood (1967) similarly 
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used the single presentation of five-pair list, 
with retention intervals of 4, 19, 64, 184, and 
304 sec. They found reminiscence at the 
19-sec. interval with a tendency toward poorer 
performance after 19 sec. They also found 
that medium-m-value lists, slower learners, an 

a high error rate at the 4-sec. recall interval 
tended to be related to reminiscence. Keppel 
and Underwood do not present a detailed 
analysis of recall as a function of ordinal 
position of the pair in presentation. Such an 
analysis would, perhaps, yield a finding 
similar to Peterson's; i.e., retention curves like 
those of the present study may occur for the 
pair of the last ordinal position. 

In another study, Kleinsmith and Kaplan 
(1964), using one presentation of a six-palt” 
trigram-single-digit-list and a GSR measure 
of stimulus arousal, found that the three 
trigrams having the highest arousal glee 
relatively poor recall (12%) at 2 min. ш 
a greater recall (33%) after 1 wk. a 
arousal pairs, on the other hand, yielded а а 
crease in recall performance over the Заг. 
interval (45% to 89). The authors inter 
preted their data in terms of the superior COP" 
solidation of high-arousal traces. The Ker 
smith and Kaplan findings are difficult " 
interpret in terms of interpair interference, a 
it should be noted that the GSR, used аѕ o 
indicator of the orienting response, may а 
flect a relative difficulty in stimulus identifi’ 
tion if Sokolov (1963) is correct in suggest 
that the orienting response occurs when i 
organism is less able to identify an envio. 
mental stimulus with an internal represent? 
tion. Reminiscence in this framework WOW. 
be considered to involve an increase in stimi at 
identification over time. Note, however, ate 
recall in the experiment was relatively ay 
and the use of single digits as responses E 
involve guessing components of unkno 
import. 

A second finding of the present experi! 
is that essentially no forgetting occurred 2 of 
8 sec. Moreover, this result occurre jon 
pairs which varied widely in presentat in 
duration and m value. This finding, taker as 
conjunction with the reminiscence effect the 
theoretical implications with respect tO 
nature of PI, lus 

First, let it be assumed that when a stim ie 
is presented, S maintains a set to lear” jon 
material and that the stimulus present oí 
simultaneously involves excitation effec ‘ale 
the stimulus and inhibition of other mater ow 
Furthermore, upon stimulus cessation, а 


t$ 
men 
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set to respond occurs, e.g., counting backward, 
and the stimulus is at least partially suppressed. 
Interference in this interval may be attributed 
to two factors: a retroactive inhibition effect 
due to the establishment of a new set and new 
materials and a proactive inhibition effect due 
to the stimulus material being suppressed with 
the other previously suppressed materials. 
Recall then involves an attempt to retrieve the 
pair, probably by reinstituting the set. The 
present data further indicate that such inter- 
ference reaches a maximum in 8 sec. 

When the next stimuli are presented, it may 
be assumed that the same set to learn occurs 
and that suppression of other materials in- 
cluding the previous pairs occurs. With 
recall, however, the attempt to retrieve the 
Most recently presented pair likely involves 
interference from the prior pairs. Moreover. 
Keppel and Underwood (1962) have shown 
that only one stimulus presentation is neces- 
Sary to produce such PI effects. Thus, since 
the first trial in the present experiments 
yielded almost perfect recall, it would seem 
that the interference producing forgetting 1s 
primarily from pairs which were acquired under 
the same set to learn and not from language 

abits, etc. Furthermore, the reminiscence 
effect of the present experiments may be due to 
à reduction in the interference from prior 
Pairs, and such reduction in interference 15 
Produced by increases in the interval between 
Stimulus presentations. The interesting theo- 
retical problem is the nature of this interference. 
, Three hypotheses involving the type of this 
Interference may be proposed. First, a classi- 
Cal interference view states that within a par- 
ücular learning set, interference is due to 
Specific content material overlap, 1. letters 
Interference with letters, words with words, etc. 
"hus, when a pair is suppressed, it overlaps 
With other pairs. Sucha view would, of course, 


Maintain that the amount of ай, ез 
Material is i 2 cf. "acid-bath" view, 
al is important ( pesi i the 


Osner & Konick, 1966). With res n 
Present data, this hypothesis suggests (18 
Maximum interference is produced in 8 sec. 
апі that discrimination of material increases 
аз a function of presentation interval- 

‚ The second hypothesis is that under а pe 
“cular set to learn, acquisition of a series si 
Pairs is a two-stage process, with the first gum 
9ne in which the pairs are processed ш t 
Second stage one of long-term storage. More- 
Over, it may be assumed that pairs pass = 
€ first stage into the second stage as а func- 


tion or time, and it may be further assumed 
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that interference between pairs takes place in 
the first stage. With respect to the present 
data, this hypothesis suggests that interference 
from prior pairs reaches a maximum in 8 sec. 
and occurs because such pairs are still in the 
first stage. Furthermore, as presentation 
interval increases, more pairs may go into the 
second-stage storage, thus reducing inter- 
ference in the first stage and raising the level 
of performance. 

The third hypothesis is that the PI effect in 
the present situation is, in fact, a learning effect 
such that once one pair is learned, it interferes 
with the strength of the next pairs, and 
although immediate recall of subsequent pairs 
may yield 100% performance, the actual 
strength is obscured by the limitation of meas- 
urement (Underwood, 1964). Thus, poorer 
recall performance reflects a lower acquisition 
strength rather than a poststimulus interfer- 
ence effect. With respect to the present data, 
this view would suggest that the interference 
from prior pairs dissipates as a function of 
presentation interval, either due to decay or 
to a storage mechanism such as that suggested 
in the second hypothesis. 

Finally, two other points may be mentioned. 
The present findings suggest that reminiscence 
as found in the paired-associate task may occur 
because of a reduction in interference over 
time, and based on results regarding intralist 
effects (Voss, 1967), it is likely that the inter- 
ference occurs from poorly learned items. 
Second, the results of Exp. V and VI suggest 
that interpair interference is a function of the 
duration between stimulus presentations and 
does not vary with the proportion of the inter- 
val that was filled by the time between stimulus 
presentation and recall. 
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INSTRUCTIONAL SETS IN HUMAN DIFFERENTIAL 
EYELID CONDITIONING? 
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Facilitating and inhibiting sets were given to human Ss in a differential eyelid 
conditioning situation as a function of interstimulus interval (ISI). In addition 
to replicating earlier findings by Hilgard and Humphreys and by Hartman and 


Grant, it was found that (a) performance with a 400 ISI increased substantially 


after the first 100 training trials, (b) latency was shorter to CS+ than to CS— 
(c) ISI interacted with instructional sets, with the sets being more effective to 
CS- at the longer (800-msec.) ISI, (d) CS+ and CS— sequential probability 
conformed to expectation from a linear operator model generally independent 
of instructional set, and (e) latency increased with successive instances of CS+, 
but did not change with successive instances of CS—. 


One of the most potent variables in 
human classical eyelid conditioning is the 
instructional set given to S just prior to 
conditioning. In single-stimulus condition- 
ing, inhibitory sets result in reduced re- 
Sponse probability and increased latency 
(e.g., Fishbein & Gormezano, 1966; Miller, 
1939; Norris & Grant, 1948), while facili- 
tatory sets result in increased probability 
and decreased latency (e.g. Gormezano & 
Moore, 1962; Hartman, Grant, & Ross, 
1960), relative to the effects of "standard" 
or "neutral" instructions. 

Hilgard and Humphreys (1938) conduct- 
ed the only experiment to date on the effects 
of facilitatory and inhibitory instructions 
in differential eyelid conditioning. In gen- 
eral, response probability increased and 
latency decreased to both CS4- and CS— 
With facilitatory instructions; and prob- 
ability decreased and latency increased 
With inhibiting instructions. The exception 
to this was no apparent effect on responding 
to CS+ when Ss were instructed to inhibit 
responding to CS+ and facilitate respond- 
ing to CS—. 

One purpose of the p 
Part to replicate the Hilgard- 
experiment. This replication was 


unds from Na- 
d by Grants GB-3875 
The junior 
tal Health 
nia State 


resent study was in 
Humphreys 
under- 


,' This study was supporte 
tonal Science Foundation Research Grat 
nd СВ-5627 to the senior author. 
Author was a National Institute of Men 
a tdoctoral Research Fellow at Pennsylva 
lversity, 1964-1965. за. аы 
p * Requests for reprints should be sent to уш P 
ү ОКазу, Department of Psychology, University 
tah, Salt Lake City, Utah 84112. 


taken to determine whether their results 
are reproducible. The definition of a CR 
has changed substantially with the isola- 
tion of alpha and beta responses (Grant & 
Adams, 1944; Grant & Norris, 1947), and a 
number of their observations were reported 
without benefit of what are now standard 
statistical methods. 

A major rationale, however, was to 
determine if the Hilgard-Humphreys re- 
sults are dependent on interstimulus inter- 
val (ISI). It seems plausible that a short 
ISI would result in less conformity with the 
instructions than one which typically re- 
sults in optimum differential conditioning 
performance since more time is available 
to S to identify the stimulus as CS+ or 
GS-—. 

An additional major objective was to 
analyze the effects of instructional sets on 
sequential behavior. Prokasy, Carlton, and 
Higgins (1967) have shown that a better 
understanding of the effects of intermittent 
reinforcement can be gained from an anal- 
ysis of behavior contingent on sequences 
of reinforced and nonreinforced trials. Itis 
similarly to be expected that the sequential 
behavior in differential conditioning will 
provide a better understanding of the 
effects of instructional sets than is possible 
to obtain strictly from overall changes in 
response probability and latency. 


METHOD 


Apparatus.—The apparatus for picking up and 
recording eyelid responses is described in detail else- 
where (Prokasy, Carlton, & Higgins, 1967; Prokasy 
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& Whaley, 1961). Recording was done on an Offner 
Type RC dynograph operating at a paper speed of 
250 mm/sec. 

The differential CSs were two frosted 7.5-w. bulbs 
separated by 7 in., both mounted on a 1 X 2 ft. 
panel attached to the experimental cubicle wall ap- 
proximately 60 in. in front of Sand at eye level. The 
durations of CS4- and CS— were both either 400 or 
800 msec. The UCS was a 50-msec. puff of nitrogen 
delivered to S's right cornea either 400 or 800 msec. 
after CS onset. It was delivered through a 4.5-mm.- 
diameter jet located approximately .5 in. from S's 
eyelash and was sufficient to support a 150-mm. 
column of mercury. 

ISI, CS, and UCS durations were controlled by 
Tektronix timers. Equipment cues were masked by 
a combination of white noise and a tape recording of 
the dynograph paper drive, the combination being 
71 db. (re .0002 dyne/cm?). 

Subjects.— The Ss were 240 volunteers from intro- 
ductory psychology courses at Pennsylvania State 
University who participated in the study to fulfill 
part of some optional course credits. An additional 
5 Ss were run, but were discarded either through 
apparatus failure or E error. 

Experimental design.—There were two independ- 
ent variables. The first was ISI, which was either 
400 or 800 msec. The second was six levels of in- 
structional set. In Level S, Ss received the standard 
instructions which included the set to “relax and let 
your reactions take care of themselves.” In Level 
R, Ss received the above instruction, but, in addi- 
tion, were requested to press a button to report 
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which of the two stimuli occurred. In Level P, the 
difference from S was that Ss were instructed to pre- 
dict, by pressing a button, which of the two stimuli 
would occur on the next trial. It was thought that 
Levels R and P would force Ss to pay closer atten- 
tion to the differential stimuli than might be the 
case in Level S. 

The remaining three levels of instructional set 
involved either or both inhibitory or facilitatory 
instructions. In Level IB, Ss were instructed to 
inhibit eyelid responding to both CS+ and С5— 
prior to the occurrence of the UCS. In Level IP, 55 
were instructed to inhibit responding to CS+, but 
to respond with a blink when CS— occurred; while 
in Level IN, Ss were instructed to inhibit responding 
to CS—, but to make a blink to CS+ whenever it 
occurred. These three instructional sets, together 
with Level S, constitute the four instructional levels 
of the original Hilgard-Humphreys study. У 

After being seated in a straight-backed chair in 
the 6 X 6 ft. well-illuminated cubicle, Ss were give? 
their particular instructional set by E through ап 
intercom. They then received 300 conditioning 
trials, 150 CS+, UCS paired trials and 150 CS7 
trials. The distribution of CS-+ and CS— trials 
was random with the restriction that each 150-0718 
block include 75 CS+ and 75 CS— trials. The 
average intertrial interval was 12 sec., with value 
ranging from 8 to 16 sec. 

A CR was defined as a 1.0-mm., or greater, deflec 
tion of the recording pen between 148 and 424 mse 
after CS onset for the 400-msec. ISI, or betwee? 
148 and 824 msec. after CS onset for the 800-mse^ 
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TABLE 1 


MEAN AND STANDARD DEVIATION OF RESPONSE LATENCY (MsEC.) TO CS+ AND CS— 
OVER TRIALS 1-300 


Interstimulus interval 
400 800 
Instruction 
group 
CS4- cs- [E cs- 
à SD b. SD X SD x SD 
S 301 25.0 307 24.6 541 77.3 548 57.2 
R 299 38.3 310 29.9 538 74.3 552 52.3 
P 298 26.5 305 24.6 525 59.0 552 46.5 
IB 321 24.9 333 18.3 610 44.4 571 824 
IP 324 21.6 327 17.9 611 57.4 544 67.5 
IN 289 33.6 301 28.6 430 55.2 477 76.0 


ISI. A 1.0-mm. deflection corresponded to an eyelid 
movement of approximately .9 mm. Latencies were 
Tecorded to the nearest 4 msec. (i.e., to the nearest 
millimeter at а 250-mm/sec paper speed). 

‚ Treatment combinations are referred to by the 
Siven label from above. For example, Group 1P400 
Was a group that received instructions to inhibit 
responding to CS+ and facilitate responding to 

S— at an ISI of 400 msec. Similarly, Group IB 
refers to all Ss having received instructions to inhibit 
responding to both CS-+ and CS—, regardless of ISI. 


RESULTS 

А The overall summary data are provided 
in Fig. 1 and Table 1. Figure 1 includes re- 
5ропѕе probability over blocks of 50 trials 
9r all 12 treatment combinations, while 

able 1 includes mean response latencies 
and their standard deviations. The cell 
Means include only those Ss who gave at 
ast two CRs to both CS+ and CS- with 
he result that cell Ns are sometimes less 


lan 20. In all following statistical analyses, 


а .05 rejection region has been employed. 
— The S (stand- 


Effects of attending task. 
E instructions), R (report CS+ or all 
and P (predict CS-+ or CS—) groups © 
Not differ in any significant мау, the better 
ie erential performance being obtained 
vith the 800- rather than the 400-msec. 
for all three. 
me most deviant features 
€ groups were the high-pe I 
de to CS+ in the first 25 CS+ trials 
(Probability was .58 in the first 8 CSF 
tals) for Group S800 and the initially low 


among the 
rformance 


performance to CS— of Group R400. 
Neither deviancy was sufficiently sustained 
to result in overall group differences. The 
consistencies across the three treatments, 
however, do provide some new observations 
about differential conditioning perform- 
ance. The most obvious of these is that 
performance does not asymptote with the 
400-msec. ISI until substantially after the 
one hundredth training trial. Specifically, 
performance to both CS+ and CS— in- 
creases greatly between Trials 100 and 200, 
with the results that asymptotic perform- 
ance to CS+ in the 400-msec. groups is 
only slightly less than that in the 800-msec. 
groups and that there is an even greater 
disparity in CS— performance between 
the two ISIs. 

An overall analysis of response latency 
for the S, R, and P groups was made. As 
indicated in Table 1, the 800-msec. ISI 
resulted in a greater latency than did the 
400-msec. ISI, F (1, 114) = 852.1. Also, 
response latency to CS+ was reliably 
shorter than that to CS—, Ё (1, 114) 213.9. 
There was no interaction between the CS+, 
CS-— classification and ISI, thus indicating 
that the CS+, CS— effect was not specific 
to either of the ISIs. In an analysis of the 
standard deviations of individual 5 latency 
distributions (data not shown), it was found 
that the standard deviations were greater 
for the 800-msec. ISI, F (1, 114) — 664.6, 
and that the standard deviations were 
reliably greater to the CS—, F (1,114) 
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= 141. No main effects or interactions 
involving the S, R, or P classification were 
observed for either latency or latency 
ard deviations. 

a. ^ of instructions.—Though the ma- 
jor concern is with terminal performance, 
it is to be noted that the initially high levels 
of responding to CS+ in Groups IN400 
and IN800 and to CS— in Group IP800 
are a direct result of the instruction, involv- 
ing little in the way of acquisition over 
trials: those performance levels were present 
from the first or second trial. To assess 
the more pervasive effects of facilitating 
and inhibiting instructions, the IB, IP, 
and IN groups were compared with the 
appropriate S group. For response prob- 
ability, the measure was probabilitv over 
the last 100 conditioning trials (see Fig. 1), 
and for latency, the measure was obtained 
over all 300 trials (see Table 1). 

Response probabilitv in Group IB400 
was less than that in Group S400 for both 
CS+ and С5—, F (1, 38) = 14.4 and 9.32, 
respectively. Similarly, response probabili- 
ties to CS+ and CS— were less in Group 
18800 than in Group S800, though the 
difference was reliable only with the CS—, 
F (1, 38) = 1.44 and 6.48, respectively. 
Latency to CS+ was significantly greater 
in Group IB400 than in Group S400 and in 
Group 18800 than in Group S800, F (1, 38) 
= 8.9 and 6.8, respectively. For neither 
comparison was the difference in latency to 
CS— reliable. Differential conditioning 
was greater in Group IB800 than in Group 
18400, but the greater differential is as 
much due to differences in CS+ responding 
as it is to differences in CS— responding. 

Asymptotic response probability to the 
CS— was less in Group IN400 than in 
Group $400, F (1, 38) = 28.2, but the two 
groups did not differ in responding to CS+. 
In contrast, the asymptotic response level 
to CS+ in Group IN800 was greater than 
that in Group S800, F (1, 38) = 9.7, but 
there were no differences between the 

groups in response level to CS—. There 
were no reliable latency differences between 
Groups 1400 and S400, but mean laten- 
cies to both CS+ and CS— were reliably 
shorter in Group IN800 than in Group 
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5800, F (1, 38) = 27.4 and 12.0, respec- 
tively. As with both of the earlier com- 
parisons, differential conditioning perform- 
ance is superior in Group IN800 over that 
of Group IN400, but this superiority 15 
attributable exclusively to differences 1n 
CS-+ responding. 

Differences between the S and IP groups 
are also contingent on ISI. Performance 
levels to CS+ were reliably lower in Groups 
IP400 and IP800 than in Groups S400 and 
S800, F (1, 38) = 4.4 and 8.0, respectively: 
In contrast, the level of responding {0 
CS— in Group IP800 was significantly 
higher than that of Group S800, F (1, 38) 
— 219.1, while there were no differences 
in asymptotic performance to CS— between 
Groups IP400 and 5400. Response latency 
to both CS+ and CS— was greater 2 
Group IP400 than in Group S400, though 
the difference was reliable only with the 
CS—, Р (1, 38) = 2.3 and 9.3, respectively: 
On the other hand, latencies to CS— ar 
not differ between Groups S800 and IP800 
though it was reliably longer to CS+ 3) 
Group IP800 than in Group S800, F (1; 38 
= 10.6. 

The relative latencies of response ү 
CS+ and CS— were a function of 1?" 
For Groups IB400, IP400, and IN400, "° 
sponse latency was shorter to CS+ er 
to CS—, F (1,16) 27.59; F (1, у 
and F (1,19) = 9.71, respectively. ОЛУ 
the difference for Group IP400 was ” 
reliable. d 

In contrast, response latency to cs 5 
was greater than that to CS— in Gron 
1B800 and IP800, F (1,17) 26.08; F (1) 1^ 
73.71, the latter not reliable. [It might d 
noted that of 20 Ss in Group IP800, 15 2) 
a greater response latency to CS-; x с. 
= 5.0.] In accordance with the 400-118 
groups, CS+ latency was shorter 10) 
CS— latency in Group 11800, Ё (1, ab 
= 5.35. It is worth noting again € 
Groups 18800 and IP800 received inst?" 
tions to inhibit responding to the cs ns 
while Group IN800 received instructi? 
to respond to CS+. b 

Sequential | behavior.— Response pe 
ability across sequences of either C in 
CS— trials is provided for all group? 
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Table 2. The entry under “1” is the first 
in a sequence of CS+ or CS— trials, i.e., 
the preceding trial is either CS— or CS+, 
respectively. Similarly, the entries under 
"2" and "3" represent the second and 
third, respectively, in a sequence of С5+ 
or CS— trials. Also included is the F 
ratio for the CS+, CS— X Sequence inter- 
action. This F ratio is included as an 
index that CS— and CS+ sequential per- 
formances are not parallel since an inter- 
action would be expected if response 
Probability were to increase over sequences 
of CS+ and decreased over sequences of 
CS—. In general, the anticipated inter- 
actions occurred. 

There were three exceptions to the gen- 
eral outcome that response probability 
increases with CS-- and decreases with 
CS—. In Groups IP400 and IN800, re- 
Sponse probability remained constant with 
Successive instances of CS+. In addition, 
response probability to the CS— in Group 
IP800 increased slightly with successive 
instances of the CS—. The outcome in 
Group IN800 would appear to have re- 
Sulted from the fact that aver response 
Probability was quite high, leaving no 
a Toom for provenent, In Group IP400 
. it is doubtful that there was any reliable 

_ Sequential effect with either CS+ or С5—. 


MEAN RESPONSE PROBABILI 
i CS+ 


Not only was the interaction not significant, 
but the overall sequential effect (i.e., overall 
change in response probability across com- 
bined instances of CS+ and CS—) was not 
reliable. Thus, it appears that response 
probability in Group IP400 remained con- 
stant and that the decrease in probability 
to the CS— shown in Table 2 is not reliable. 
The increase in response probability to 
CS— shown by Group IP800 parallels an 
increase to CS+, resulting in a reliable 
overall sequential effect, F (2, 38) — 7.00, 
as well as in the nonsignificant interaction 
reported in Table 2. 

Response latencies changed across se- 
quences of CS+ and CS—. The effect was 
assessed by determining how many .Ss ex- 
hibited either an increase or decrease in 
latency from the first to the third successive 
CS+ or CS—. In several instances all Ss 
did not have entries (i.e., gave no responses) 
for the third of the three events, and the 
Ns reported below with each comparison 
are reduced accordingly. 

The first general question is whether or 
not latency decreased across sequences of 
CS+. In Groups 5400, R400, and P400, 
a total of 42 out of the 60 Ss exhibited 
decreases in latency across the CS+ se- 
quence, x2(1) = 9.60. Similarly, in Groups 
5800, R800, and P800, a total of 41 of the 


TABLE 2 
TY AS A FUNCTION OF SEQUENCES OF 
AND CS— OVER TRIALS 1-300 


Sequences 
CS- 
Group сз+ Е (2, 38) 
2 3 1 2 i 
i 2 

7 495 358 288 29.36* 

5400 612 FE D 207 148 148 3.25* 
S800 778 118 713 196 343 317 34.00% 
P400 625 69 С 788 329 239 153 45.80* 
"ov ss | a | me рш | eee 

342 

ms | |e |] | aR] a u 
18800 185 483 580 t 450 438 27 
15400 ES b. En 800 880 801 06 
IP800 515 547 n4 203 078 068 14.38" 
Tae 10 b 975 155 071 056 15.00 


^ Note.— Decimal points are omitted. 
5. 


| "PS о 
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60 showed a decrease, x*(1) = 8.07. Such 
uniform effects were not observed in 
Groups 18400, IP400, and IN400, where, 
respectively, 9 of 19, 13 of 20, and 14 of 19 
decreased response latency across the CSH 
sequence. The decrease was reliable only 
in the last of the three, x?(1) = 5.68. In 
Group IB400 there was no evidence at all 
of a decrease. In Groups IB800, 1Р800, 
and IN800 there were, respectively, 14 of 
19, 9 of 19, and 16 of 20 Ss who decreased 
latency across the CS+ sequence. Thus, 
the decrease was reliable in Groups 18800 
and IN800, x?(1) = 6.38 and 7.20, with no 
latency effect at all being manifest in 
Group IP800. 

The second question is whether or not 
latency increased across the CS— se- 
quences. Of 56 Ss in Groups S400, R400, 
and P400, 28 exhibited a latency increase, 
thus providing no latency trend. Simi- 
larly, of 58 Ss in Groups S800, R800, and 
P800, 33 increased latency across the CS— 
sequence, not reliable. In the two groups 
in which the instructions called for an 
inhibition of responding to CS— (1B400 
and IN400), 22 of 31 Ss exhibited an in- 
crease in latency, x*(1) = 5.45. This con- 
trasts with Group IP400, in which only 7 
of 18 yielded a latency increase. The same 
pattern emerged with the 800-msec. groups. 
Of 34 Ss in Groups IB800 and IN800, 27 
increased latency across the CS— se- 
quences, x?(1) = 11.76, while of 20 Ss in 
Group IP800, only 9 Ss increased latency. 
Thus, the only increases in latency across 
sequences of CS— were those associated 
with an instructional set to inhibit re- 
sponding to the CS—. 


Discussion 


It will be helpful to consider the criteria for 
determining when differential performance is 
better in one condition than in another. Un- 
equivocal evidence that, e.g., Group A exhibits 
greater differential performance than Group B 
obtains when (a) the numerical difference be- 
tween CS+ and CS— performance is lower 
in Group B, (b) the CS+ performance of 
Group A is equal to or greater than that of 
Group B, and (c) the CS— performance of 
Group A is equal to or less than that of Group 


WILLIAM F. PROKASY AND CHARLES K. ALLEN 


B. When all three of these conditions are met, 
Group A has shown greater differential per- 
formance than has Group B simply because 
no monotonic transformation can change the 
relative positions of the data points. This 
form of inference from interactions is discussed 
further in Prokasy (1962). In any event, 
if all three conditions discussed are not met, 
further assumptions are necessary before con- 
clusions can be made concerning which grouP 
exhibits the greater differential performance 
Differential conditioning performance.—Since 
the attending tasks had, at best, trivial effects 
on differential performance relative to that ob- 
tained with standard instructions, the S, R» 
and P treatments can be combined to provide 
some general observations about different! 
conditioning. The now standard observation 
made originally by Hartman and Grant (1962) 
was replicated: Differential conditioning ре" 
formance is better with an 800-msec. ISI tha? 
with a 400-msec. ISI in the strong sense dé: 
scribed previously. The observation was, fur- 
ther magnified in the present study by ИШЕТ 
of the fact that between Trials 100 and 20 
there were substantial increases in response 
probability to CS— in the 400-msec. grouP® 
That latency to CS+ was less than that t° 
CS— is a new observation and merits some 
discussion. Hartman and Grant (1962) ET 
ported no differences, and Moore (1962) P 
ported that CS— latency was shorter omm 
CS+ latency. There is a simple ехріапа 
for these discrepancies, though further stl ar 
will be required for verification. If CRs appen, 
initially near the point of UCS onset and E 
in latency gradually throughout training, 4 
one of the reported effects is possible. The. 5 
because spontaneous rates of responding em 
ically at least 10% with a 500-msec. ISI) M 
produce latencies, on the average, at the т 
point of the scoring interval. ill- 
(late in the scoring interval), latency be ase 
first "increase," and then decrease, as reS Pew 
probability increases. With relativelY iy 
training trials (i.e., 100 or less) and a r€ айту 
low overall conditioned response pro pabi е 
to CS—, response latency to £S- pe 
somewhere near the midpoint of the 8С0 
interval; and if response probability t° (c 
has not asymptoted within the 100 trial? <en 
latency could average the same as, or е 
more than, CS— latency. With ‚сол tl 
training and stabilization of the respons? guld 
in topography and latency, CS+ latenCY 
then emerge as shorter than CS— laten 5+ 
Response probability to sequences ° 


e 
As CRs emet, j 
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and CS— in the S, К, and P groups modifies 
їп a way which would be expected from incre- 
mental-decremental models of discrimination 
learning (e.g., Bush & Mosteller, 1951; Spence, 
1936). What the sequential curves tell us is 
that there is an increase in response probability 
following each reinforced (ie, CS+) trial 
and a decrease in probability following each 
nonreinforced (i.e, CS—) trial. "Thus, the 
degree of differential performance observed is a 
joint result of the effects of differentially rein- 
forced stimuli and the specific sequences of 
reinforcement and nonreinforcement. Since 
response probability to CS— increases through- 
out training to an asymptote, it is evident that 
the cumulative effects of reinforced trials oper- 
ate to increase response probability to CS— 
as well as to CS+; otherwise the decremental 
effects to sequences of CS— could not be ob- 
tained. Similarly, the cumulative decremental 
effects of sequences of CS— affect response 
Probability to CS+ since the incremental func- 
tion to CS- is still observed after the first 100 
trials when CS+ overall probability is rela- 
tively stable. 

These sequential effects parallel those ob- 
tained with intermittent reinforcement sched- 
ules (Prokasy, Carlton, & Higgins, 1967) and 
lend support to the idea that an intermittent 
reinforcement schedule is a special case of a 
differential conditioning schedule when. the 
CS+ and CS— are indistinct. This position 
Was clearl? stated by Bush and Mosteller 
(1951) in their discussion of a linear operator 
model of intermittent reinforcement and dif- 
ferential conditioning. Two facts of the present 
study preclude acceptance of an unmodified 
version of that model: CS— performance does 
not decrease with continued training, and 
asymptotic performance did not reflect com- 
Plete differentiation of stimuli. Though not 
obtained in this study, there is also evidence 
(Prokasy, Higgins, & Carlton, 1968) that the 
first in а sequence of С5+ trials does not 
Toutinely result in an increment 1n response 
Probability, another problem for a simple linear 


9Perator model. - 

The remaining sequence effect w 
Crease in latency associated with 
instances of CS+. Curiously, there was no 
evidence that latency increased with successive 
Instances of CS— іп the S, К, or P groups 1n 
either the 400- or 800-msec. treatments. It 
appears that the switch to CS— іп itself is 
Sufficient to increase latency as much as it 1s 
going to increase within the CS— sequence 
lengths employed in this study. The CS+ and 


as the de- 
successive 
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CS— latency effects do not support the con- 
struct of inhibition of delay; to the contrary, 
it would be expected that inhibition of delay 
would result in latency increases. 

Instructional sets.—In general, the present re- 
sults replicate those of Hilgard and Humphreys 
(1938): the IB groups exhibited overall lower 
levels of responding and, possibly, less dis- 
crimination, and the IN groups exhibited 
unequivocal evidence of superior differential 
performance over the standard differential con- 
ditioning groups. Group IP400 yielded approx- 
imately the same level of performance to both 
CS+ and CS—, while Group IP800 yielded 
higher response probability to CS— than to 
CS-F, in accordance with the instructions. 

Thus, consistent with the data of Hartman 
and Grant (1962) and of the S groups' per- 
formances in this study, superior differential 
conditioning was obtained with the 800-msec. 
ISI in the IN and IB groups. Such a compari- 
son is not particularly meaningful in the IP 
groups other than to point out that Ss in Group 
IP800 seemed more able to respond in ac- 
cordance with the instructions than did those 
in Group IP400. 

The impact of instructional sets was more 
apparent with an 800- rather than a 400-msec. 
ISI. Response levels to CS— were altered 
more by instructional sets at the 800-msec. 
ISI. Similarly, mean latencies to CS+ were 
greater than those to CS— in Groups IP800 
and 18800 than in Group S800, these groups 
both having received inhibitory instructions 
for CS+, while they were shorter to CS+ 
in Groups 18400, 1Р400, and IN400 than in 
Group S400. Response levels to CS+ were 
less easily manipulated at both the 400- and 
800-msec. ISIs, though the instructional set to 
CS— had more effect on CS+ performance at 
the shorter of the two ISIs. Specifically, re- 
sponse level to CS+ with an 800-msec. ISI 
remained the same regardless of whether S was 
instructed to respond or to inhibit a response 
to CS—, while there was some transfer effect 
with the 400-msec. ISI. 

Hartman and Grant (1962) suggest that 
either or both a more complete perceptual 
response or greater time to mobilize an inhibi- 
tory set accounts for the fact that better dif- 
ferential conditioning performance is obtained 
with an 800-msec., rather than a 400-msec., 
ISI. The results of this study do not difleren- 
tiate these alternatives, but they make clear 
that a more complete perceptual response is 
operative with the longer ISI since responding 
to CS— at the 800-msec. interval is relatively 
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independent of that to CS+ with either facili- 
tatory or inhibitory instructional sets. It is 
also clear that providing additional time for an 
active inhibitory set to CS-+ does not result in 
more effective control over responding to CS4: 
Since response levels to CS— are so easily 
manipulated with the longer ISI, it is entirely 
possible that no active inhibitory process need 
be postulated to account for the superior condi- 
tioning at longer ISIs. It may be that the 
detection of CS+ and CS— is so complete at 
longer ISIs that only a weak associative link 
is made between CS— and the measured CR. 
When instructional sets place no emphasis on 
differentiating CS+ and CS— (as with the 
usual instructional set), the sometimes high 
level of responding to CS— may result from 
nothing more or less than a failure to attend to 
the differential characteristics of the stimuli. 
With an extended ISI, the difference is more 
easily detected and the level of responding to 
CS-—, as a distinct signal, is lower. 

It is worth noting, as a final observation, 
that the instructional sets did not grossly 
disrupt the sequential behavior characteristic 
of Ss receiving the standard instructions. In 
general, response probability increased and 
latency decreased with successive instances of 
CS+; while with successive instances of CS—, 
response probability decreased. Thus, the 
trial-by-trial incremental-decremental effects 
which are apparent in both intermittent rein- 
forcement and differential conditioning with 
standard instructions are not eliminated with 
facilitatory or inhibitory sets, suggesting that 
they are pervasive characteristics of human 
conditioning performance rather than being 
the product of a limited set training conditions. 
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CONCRETE IMAGE AND VERBAL MEMORY CODES! 
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It was hypothesized that concrete (visual) imagery functions primarily as a 
parallel processing system, whereas the verbal symbolic system is specialized 
for sequential processing; and that performance in nonsequential memory 
tasks would accordingly vary directly with the availability of both memory 
codes, but the verbal code alone would be crucial in sequential memory. The 
availability of imagery was manipulated by the use of abstract words, concrete 
words, and easily labeled pictures as stimuli. The availability of the verbal 
code, in the case of pictures, was varied by presenting the stimuli at rates pre- 
sumably above and below implicit labeling threshold. Immediate memory 
span and serial learning constituted the sequential tasks; free recall and recog- 
nition memory, the nonsequential tasks. Consistent with predictions (a) 
memory for pictures was significantly inferior to words only in the sequential 
memory tasks, and then only at the fast rate; (b) both pictures and concrete 
words exceeded the abstract words in serial learning at the slow rate; and 


(c) pictures were significantly superior to abstract words at the slow rate in 
both nonsequential tasks, with concrete words intermediate in each case. 


The study investigated the role of non- 
Verbal visual images and verbal symbolic 
Processes in memory. The two processes 
Were varied by the use of object pictures, 
their concrete noun labels, and abstract 
nouns as stimuli. Previous studies (see 
Paivio, 1969) involving such material have 
Suggested that they are points on a single 
dimension of concreteness, or image-arous- 
ing value, which is positively effective when 
varied among stimulus members in paired- 
associate (PA) learning, and as to-be- 
remembered items in free recall and rec- 
ognition memory. The present research 
Was designed to test a threoretical model 
applicable to the memory phenomena, 
Which involves assumptions concerning the 
availability of nonverbal imagery and 
verbal mechanisms as memory codes, and 
àn hypothesized functional distinction be- 
tween them. 

The theoretical assumptions were co 
Cerned with the differential availability of 
Concrete images and verbal processes as à 
function of the stimulus dimension. These 
assumptions can be regarded either as a 


n- 
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special case or an extension of a two-process 
approach to associative meaning and media- 
tion described in previous studies (e.g., 
Paivio, 1966, 1969). The difference here is 
that the verbal code refers specifically to an 
implicit labeling or naming response (like 
the representational response of Bousfield, 
1961) rather than to verbal associates. 
Concrete imagery is used in the same sense 
as previously to refer to associative images, 
aroused in this case by pictures as well as 
words. 

Given these definitions, the assumptions 
concerning availability are straightforward. 
Pictures, if familiar and unambiguously 
labeled, readily evoke both concrete im- 
agery and verbal coding, but the availabil- 
ity of the latter is relatively lower because 
an extra transformation is involved, and 
would be lower still if the pictures were 
unfamiliar or ambiguous. The verbal code 
is directly and equally available in the case 
of concrete and abstract words, but the 
former are more likely to evoke images. 
Empirical support for, and a rough quan- 
tification of, the assumptions is provided hy 
reaction time (RT) data. Words can be 
read faster than objects can be named (cf. 
Fraisse, 1964), indicating the higher avail- 
ability of the verbal code in the former case. 
The latency of image arousal as indicated 
by a key press is faster for concrete than 
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abstract words (Paivio, 1966). Further- 
more, comparison of the RT means reported 
in the different experiments indicates that 
image arousal to words is slower than 
verbal coding of words or familiar pictures. 
No comparable data are available on image 
arousal to picture stimuli, but it can be 
assumed that the latency would be no 
greater than that involved in the implicit 
reading of a word. A ranking of the 
availability, or arousal probability, of each 
code for the different stimuli can be inferred 
from these data: Image arousal in the case 
of pictures and verbal coding in the case of 
words have the highest availability; the 
verbal code to pictures, second ; imagery to 
concrete words, third; and images to ab- 
stract words, fourth. Thus the summative 
availability of both codes is highest in the 
case of pictures, intermediate for concrete 
nouns, and lowest for abstract nouns. 

The hypothesis concerning the functional 
distinction between the symbolic modes is 
related to assumed modality differences in 
the nature of the representational mechan- 
ism. Visual images are assumed to be 
functionally related to visual perception 
and are specialized for spatial representa- 
tion—visual imagery is a parallel processing 
system. It is not specialized for serial 
processing unless linked to an integrated 
(symbolic) response sequence, as is the 
case, e.g., in certain mnemonic techniques 
(cf. Paivio, 1969). The verbal symbolic 
system, on the other hand, is assumed to be 
specialized for serial processing by virtue 
of the temporal nature of the auditory- 
motor speech system, although it undoubt- 
edly functions also as an opertionally 
parallel system (Neisser, 1967) in that 
verbal units can be processed independently 
of each other. 

The hypothesis was tested in the present 
experiment by attempting to manipulate 
the availability of the two memory codes 
along with the necessity of sequential 
processing in the memory task. Availabil- 
ity was manipulated by varying stimulus 
concreteness and the rate of presentation. 
Since words can be read faster than objects 
can be named, the arousal of the verbal code 
presumably can be pee ш. E 
picture stimuli without e iminating i 


case of words by using a sufficiently fast 
presentation rate. That is, at a fast rate 
S could implicitly read a word without 
having time to label a picture. 

Given a discrete stimulus series without 
any intrinsic serial order, it follows from 
the hypothesis that memory should be 
poorest at a very fast rate for picture 
stimuli in tasks requiring serial processing, 
such as immediate memory span and serial 
learning. Pictures should not suffer even 
at a fast rate in free recall and recognition 
memory tasks, however, since serial order 
information need not be retained and the 
appropriate verbal labels presumably can 
be retrieved from concrete memory images 
after the stimulus series has been presented. 
At a slower rate, where S can supply à 
verbal label, picture stimuli should not 
suffer relative to words even in the serial 
processing tasks, and they would be ex- 
pected to surpass words in the free recall 
and recognition tasks on the basis of pre- 
vious findings (e.g., Paivio, Rogers, & 
Smythe, 1968; Shepard, 1967), presumably 
because the high availability of both codes 
enhances the probability of their retrieval. 
No difference would be expected between 
concrete and abstract words on any task 
at the fast rate since only the verbal code 
can be used. At the slower rate, however, 
the concrete should exceed the abstract in 
free recall, recognition, and serial learning 
because of the arousal of associative 
imagery which can enhance unit retrieval 
or the formation of higher order units 
(Paivio, Yuille, & Rogers, 1969), but not 
in memory span which involves only im- 
mediate memory for serial order and is 
presumably affected only by the availability 
of the verbal code. A corollary prediction 
is that variation in rate should have the 
greatest effect generally on memory for 
pictorial stimuli and the least effect on 
abstract words. 

Two experiments on the problem are 
reported: the first compared immediate 
memory span and free recall using an 9? 
response; the second involved the 5277€ 
two tasks plus serial learning and recogni- 
tion memory, using a written response 
procedure. 
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EXPERIMENT 1 
Method 


Items.—Nine "concrete" (CW) and nine “ab- 
stract" (AW) words were selected from an available 
noun pool (Раіуіо, Yuille, & Madigan, 1968). The 
two categories were equated for meaningfulness (m) 
(CW X = 6.66; AW X 6.13) and Thorndike-Lorge 
(1944) word frequency (CW X = 46.3; AW 
X = 44.7, with AA and A words assigned values of 
100 and 50). The CW category items (PIANO, SNAKE, 
CLOCK, PENCIL, LOBSTER, CIGAR, STAR, HOUSE, and 
PIPE) refer to denotable objects, while the AW 
(JUSTICE, ABILITY, EGO, MORAL, BRAVERY, AMOUNT, 
THEORY, FREEDOM, GRIEF) do not. The CW exceed 
the AW in rated imagery (Z) (X = 6.62 and 3.39, 
respectively) and concreteness (C) (6.91 and 2.03). 

"he nine pictorial (P) items consisted of black and 
white outline drawings of the objects labeled by the 
Concrete words. The words were printed in upper- 
Case block letters. The stimuli were photographed on 
8-mm. movie film in such a manner that the pictures 
and the words occupied approximately the same 
area. 

Subjects and design.—Ninety-six. undergraduate 
university students served as Ss in a 3 X 2 х2 
factorial design, with eight Ss per cell. The design 
included the three types of stimuli (P, CW, and 
AW), two memory tasks (immediate memory span 
and free recall), and two rates of presentation. All 
treatment conditions involved independent groups. 

Procedure.—ln both tasks, the items were pre- 
sented on a 2 X 3 ft. screen by a Technicolor 200-A 
8-mm. continuous filmstrip projector at a rate of 16 
frames per second. The fast and slow presentation 
rates were programmed into the filmstrip. For both 
rates, 1 photographic frame was occupied by a given 
stimulus item, thus providing a ту-ѕес. exposure 
duration. For the fast rate, each stimulus item was 
followed by 2 blank frames (4 sec.), producing a 
total interitem interval of тұ sec., or a rate of 5.3 
items per second. This rate was based on considera- 
tion of data on temporal factors in memory tasks 
(Aaronson, 1967), naming and reading response 
latencies (Fraisse, 1964), and on pilot research. 
The rate was such that Ss had insufficient time to 
label the pictures implicitly, but could easily rec- 
ognize them as well as implicitly read the words. For 
the slow rate the stimulus frame was followed by 7 
blank frames, providing a }-sec. interitem interval 
(2 items per second). At this rate, the pictures could 
be implicitly named without difficulty. The dif- 
ferent random orders of items for each task (see 
Below) were also programmed into the continuous 

mstrip: The beginning and the end of each trial 
Ce by a red diamond shape. | 

S asks were run alternately as a series of 
replications of the experimental design. Within each 
task, the sequence rotated through, first, the fast 
rate for P, CW, and AW, then, the slow rate condi- 
tions in the same order. Each S was randomly 
assigned to one treatment condition of the design 
(e.g., free recall of P stimuli at the fast rate) accord- 
ing to the order of his appearance in the laboratory. 
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Individually run, S was seated 5 ft. from the projec- 
tion screen and appropriate instructions were given 
orally. During the study trials all lights were off, but 
during the test trials a 15-W. bulb in a reading lamp 
was turned on. A 15-sec. interval separated the 
study and test trials. Eight trials were given on 
each task. 

Immediate memory span.—On each trial, the nine 
items were presented in a different random order, 
with the restriction that any one item appeared only 
once as the first or the last item on the list. The 
same randomization was used for the different 
stimulus types as well as for the slow and fast 
presentation rate. The S was first given a series of 
four free recall trials to familiarize him with the 
items and control for response availability, inasmuch 
as the only interest in this task was memory for 
serial order. Before each trial, a "ready" signal 
was given orally, followed by the presentation of the 
red diamond shape that initiated the trial. At the 
end of the study trial, the light came on and S had 
30 sec. for recall. He was instructed to give the 
responses in exactly the same order as they were 
presented on the screen, saying "Blank" for missed 
items if ones occurring in later serial positions could 
be recalled. 

Free recall.—The presentation sequence of items 
on each trial in the free recall task was identical to 
that used in immediate span. The only difference 
was in the recall instructions, i.e., Ss were told that 
they could recall the stimulus items in any order. 


Results and. Discussion 


The memory span data were scored 
strictly, recalled items being counted as 
correct only if they occurred in their 
appropriate serial positions. The mean 
scores for both tasks as a function of 
presentation rate and stimulus concreteness 
are presented in Fig. 1. These data were 
analyzed by an analysis of variance, with 
trials as a fourth factor. The main effects 
of rate, task, and trials were all Significant 
(p < .001), but these are of no theoretical 
interest in the study and will not be 
discussed. The Concreteness X Task inter- 
action was significant, F (2, 84) 6.72, P 
< .01. As may be seen in Fig. 1, P stimuli 
were generally poorest in memory Span and 
best in free recall. The critical three-way 
Concreteness X Rate X Task interaction 
was not significant, F (2, 84) 21.20, al- 
though it can be seen that the inferiority 
of P stimuli in the memory span task was 
greater at the fast rate, and their superiority 
in free recall tended to be greater at the 


3 The pattern of results remains essentially the 
same when a more lenient scoring system is used 


282 ALLAN PAIVIO 


FREE RECALL 


MEMORY SPAN 


^ 
227 


т> О 
EJ 


a 


MEAN CORRECT RESPONSES 
N 


FAST SLOW FAST SLOW 


PRESENTATION RATE 


Fic. 1. Mean correct responses in immediate 
memory span and free recall tasks for pictures (P), 
concrete (C) words, and abstract (A) words as a 
function of presentation rate. 


slow rate. In the latter case, the P > CW 
> AW ranking of the stimuli is consistent 
with previous findings. Thus the patterns 
of results generally conform to expectations, 
although not all aspects are statistically 
significant. 

A number of interactions involving trials 
were significant. These included Trials 
x Rate and Trials X Task interactions 
and two overriding Trials X Concreteness 
x Rate, F (14, 588) = 2.31, p < .01, and 
Trials X Rate X Task triple interactions, 
Е (7, 588) = 4.04, p < .01. The first triple 
interaction appears to be of no theoretical 
importance. The second indicates a greater 
increment in free recall scores over trials at 
the slow rather than at the fast rate, but no 
similar difference in memory span. Also 
significant was the four-way interaction, 
F (14, 588) = 1.91, p < .01. A posteriori 
t tests within each rate and task indicated 
that pictures were generally superior to 
AW in free recall at either rate, but more 
often inferior to words in memory span 
only at the fast rate, providing some 
specific support for the hypothesis. 

The oral memory span task was rather 
unusual in that Ss were asked to say 
"Blank" when they were unable to supply 
the item in a particular serial position. 

This undesirable feature was avoided by 
the use of a written response in Exp. П, 
which also extended the design to two 
further memory tasks, viz., serial learning 


and recognition memory. 
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EXPERIMENT П 
General Method 


The general method was identical to that used in 
Exp. I with respect to instructions, stimulus 
materials, and presentation rates. The following 
changes were made in specific aspects of the pro- 
cedure: The Ss recorded their responses in writing 
rather than orally, using booklets in which each 
page contained a column of the numbers 1-9. The 
Ss were run in pairs except when one failed to appear. 
To keep conditions comparable across experiments, 
the procedure for immediate memory span also was 
modified to exclude the four familiarization (free 
recall) trials that preceded the memory span trials in 
Exp. I. The addition of the two new memory tasks 
extended the factorial design to include four tasks, 
three types of stimulus material, and two rates of 
presentation, all treatment conditions involving 
independent groups. As before, the experiment was 
run as a series of replications of the design. The 
procedures for the serial learning and recognition 
tasks were as follows. 

Serial learning —The serial learning procedure 
differed from that for memory span only in that the 
nine items were always presented in the same serial 
order over the eight learning trials. Again, Ss were 
instructed to write down the items in exactly the 
same order as they were presented. 

Recognition memory——The recognition memory 
procedure also followed that used in the case of 
memory span and free recall, with certain exceptions. 
Pilot work indicated that the task was relatively 
easy, perfect performance generally being achieved 
by Trial 3 or 4. Hence only four trials were given, 
the study trials involving the filmed material for 
the first four of the eight-trial set used in the other 
two tasks. The recognition test trials involve 
presentation of 27 items (the 9 original ones, ат 
18 new ones) of the same class, i.e., P, CW, or AW. 
The new items were also selected from Paivio, 
Yuille, and Madigan (1968), and had the same 
mean attributes as the 9 old ones, ie. 18 were 
relatively concrete and high J, and 18 were relatively 
abstract and low Т, etc. The picture set were line 
drawings of the objects named by the concrete 
nouns. A constant presentation rate of 4 sec. 
(2-sec. exposure and 2-sec. blank interval) was used 
during the test trials for all conditions. The Ss were 
instructed to write “О” if the item was one of the 
“old” 9, and “№” if the item was new. 

Subjecs.—The Ss were 192 university under- 
graduate volunteers, 8 in each cell of the design. 


Results and. Discussion 


Of major interest in the study was the 
possible interaction of stimulus concrete 
ness, rate, and task. Accordingly, ? 
three-way analysis of variance without 
repeated measures was performed on the 
mean number of correct responses рег tria 
after Cochran's C test confirmed that these 
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scores displayed homogeneity of variance’. 
The analysis yielded significant main effects 
for task (of no theoretical importance here) 
and rate, several two-way interactions, and 
the predicted triple interaction. The Con- 
creteness X Task interaction, F (6, 168) 
= 3.26, p < .01, indicated that P was 
inferior to CW and AW in memory span, 
and to CW in serial learning; but in free 
recall and recognition memory; P was 
remembered best, CW next, and AW most 
poorly. The Task X Rate interaction, 
F (3, 168) = 25.56, p < .001, showed that 
serial learning was most affected by rate. 
The Concreteness X Rate interaction, F 
(2,168) = 17.38, р < .001, can be inter- 
preted from Fig. 2. As predicted, the rate 
effect was clearly greatest for P, next for 
CW, and least for AW, with a crossover 
such that P was the poorest of the three at 
the fast rate and best at the slow rate. 
In addition, CW and AW did not differ at 
the fast rate, but CW exceeded AW at the 
slow rate (р < .001 by £ test). 

The double interactions were qualified 
by the significant Concreteness X Rate 
X Task triple interaction, F (6, 168) — 2.33, 
p «.05. The pattern of this interaction, 
presented in Fig. 2, agrees remarkably well 
with expectations. A series of / tests using 
the within-Ss mean square as the error term 
from the analysis of variance (Winer, 1962, 
pp. 208-209), with df=168 in each case, 
were used to evaluate the effects of con- 
creteness and rate within each task. 

Memory span.—At the fast rate, P 
stimuli were inferior to AW in memory 
span, / = 2.57, p < .02. At the slow rate, 
none of the stimulus differences was signif- 
icant. The difference between fast and 
Slow rates was significant only for P and 
CW,:2 2.35, р < .02. These effects show 
the same general pattern as those obtained 


4 

а Analys of each task with trials as a 
with the othe: so conducted. Trials did not interact 
tion memor: peu. in memory span or recognt- 
other two is interacted only with rate in the 
trials + ^^ serial learning, the increase over 
t was greater at the slow than at the fast rate; 
in free recall the reverse was true, ie., increments 
m үп were prenter at the fast me Sitice: ПО 
interactions occurred with 7 

will not be discussed ime nes these effects 


MEMORY SPAN 


SERIAL LEARNING 


3 ac 6 


а 
ш 4 
o 
= 
g 3 
^ 
ш 2 
E 
1 
a 
ш ° 
ЕУ FAST SLOW FAST SLOW 
« 
8 
FREE RECALL RECOGNITION 
z 
z в 
ш 
= 


FAST SLOW FAST SLOW 
PRESENTATION RATE 


Fic. 2. Mean correct responses in four memory tasks 
as a function of stimulus type and presentation rate. 


in Exp. I and are consistent with the 
theoretical expectations. 

Serial learning.—In serial learning as in 
memory span, P stimuli were inferior to 
words at the fast rate—significantly so in 
the case of both CW and AW, ż > 2.49, 
р < .02. The slow rate produced a striking 
contrast: P and CW were significantly 
superior to AW, ¢ > 4.09, р < .001. The 
difference between the slow and fast rate 
was significant for each stimulus type 
t > 3.43, p < .001. eee 

| Free recall.—1n contrast with the Sequen- 
tial memory tasks, none of the differences 
was significant at the fast rate for free 
recall. 'At the slow rate, however, recall 
was significantly better for P than for CW 
or AW, t > 2.34, p < .02. Although + 

superiority of CW over AW was a 
significant, the ranking of the three sti 

ulus types is consistent with predictions 
and with previous findings for this dime + 
sion, including those obtained in Exp. I : 
the present study. eat 

The rate effect was significan 
t = 4.65, p < .001; marginally еы 
i= 1.75,p < -10; but not for AW,t<1 00. 

Recognition memory.—The results for t à 
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Fic.3. Mean number of items correctly identified 
as new in the recognition task as a function of 
stimulus type and presentation rate. 


highly similar to those obtained in free 
recall. None of the differences between 
stimuli was significant at the fast rate. 
Pictures exceeded CW and AW at the slow 
rate, 1 2.08, p < .05, and CW was 
marginally superior to AW, t21.71, 
p < .10. These differences, too, are con- 
sistent with predictions and with findings 
from previous research. 


Supplementary Analyses 


Subjective organization in free recall.— 
Subjective organization during recall was 
analyzed for the written free recall task 
(output order was not recorded in the oral 
task) using the Bousfield and Bousfield 
(1966) index of observed minus expected 
intertrial repetitions for a two-way matrix. 
An analysis of variance of these data 
revealed increasing organization over trials, 
F (6,252) = 3.38, p < .01, and as a func- 
tion of concreteness, F(2,42) 2 655, b 
< .01. The means in the latter case were 
110, .51, and .19 for P, CW, and AW, 
respectively. " 

New items in recognition memory.—An 
analysis of the new items correctly identi- 
fied as new in the recognition task yielded 
significant effects of concreteness, F (2, 42) 
=7,52, p < -Ol, and Concreteness X Rate, 
FQ, 42) = 3.78,p < .05. The interaction 
is presented in Fig. 3, where it can be seen 
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that P stimuli were superior to words at 
both rates, and that P and CW were 
similarly affected by presentation rate, 
whereas AW was essentially unaffected by 
rate and was consequently inferior to CW 
as well as P at the slow rate. The most 
interesting feature of this analysis is the 
general superiority of P stimuli; ie., even 
at the fast rate, the number of false 
positives was lower for pictures than for 
words. 


GENERAL DISCUSSION 


The results are consistent in almost every 
detail with predictions from the theoretical 
model. Memory for pictures suffered at the 
fast rate in both sequential memory tasks and 
in memory span generally, presumably because 
the verbal code essential to performance in 
such tasks was less available than in the case 
of verbal stimuli. Conversely, picture memory 
benefited most by the slow rate, presumably 
because both memory codes were highly 
available. Memory for abstract words was 
least affected by rate because only (or mainly) 
the verbal code was involved. There appears 
to be no obvious alternative model that 
provides a satisfactory account of these data, 
and certainly none that would have readily 
generated the predictions that were made, let 
alone the confirmatory findings. 

The results have relevance for several current 
issues in the psychology of memory. The 
memory span data are consistent with the 
generalization that auditory-motor factors 
rather than meaning are crucial in short-term 
memory (e.g., Baddeley, 1964; for reviews, 
see Adams, 1967; Neisser, 1967). The general- 
ization may apply, however, only to sequential 
memory tasks such as immediate memory span 
(the task most often used to investigate the 
problem) inasmuch as concreteness has been 
found effective in a short-term memory task 
involving a different procedure (Borkowski & 
Eisner, 1968). In addition, picturability facil- 
itates free recall of recent as well as early input 
items (Paivio, Rogers, & Smythe, 1968). 
suggesting an effect on both short-term ап 
longer term memory. 

A second relevant issue concerns the relatio 
between and the general mechanisms involve 
in the different tasks. The pattern of results 
suggests that serial learning is like memory 
span at the fast rate, but apparently more li 
free recall and recognition at the slow rate. 
The latter similarity suggests an associative 
effect of imagery, which might be taken a5 
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indirect support for the recently controversial 
(see Young, 1968) associative chaining model 
of serial learning. In the case of free recall 
and recognition memory, the resulting patterns 
were remarkably similar at both rates, suggest- 
ing a common process. What might this 
process be? Intertrial organization scores as 
well as free recall varied with concreteness, 
supporting the organization hypothesis of free 
recall (Tulving, 1968). However, the free 
recall effect over all three levels of concreteness 
has been obtained without concomitant differ- 
ences in intertrial organization or clustering 
(Paivio, Rogers, & Smythe, 1968; Paivio, 
Yuille, & Rogers, 1969), which is consistent 
with the hypothesis that the items are recalled 
as independent units (e.g., Slamecka, 1968). 
The latter hypothesis would also fit the recogni- 
tion data and is compatible with the view that 
retrieval in both tasks is from an operationally 
Parallel storage system (or systems) in which 
units are represented as either nonverbal 
images or as words, or both. It is possible, in 
addition, that imagery facilitates retrieval 
through its effect on interitem associations 
much as it does in PA learning, especially as a 
stimulus-term attribute. 

The sequential memory data are also 
relevant to the problem of discrimination of 
recency and the Yntema and Trask (1963) 
hypothesis that a "time tag" is stored along 
with the item (cf. Bryden, 1967). Fozard and 
Lapine (1968) recently found that discrimina- 
tion of recency is much better for pictures than 
for names. Since temporal information is 
involved in sequential memory tasks, their 
finding appears inconsistent with the memory 
span data in the present experiment. Genera!- 
ization from the Fozard and Lapine study to 
the present one may be unwarranted, however, 
since they used a self-paced procedure and 
thus a much slower rate of exposure to items 
than that involved here. Nevertheless, the 
recency discrimination procedure could be 
appropriately extended to the memory span 
situation and would provide a further test of 
the hypothesis that sequential memory for 
Pictures suffers at fast rates. 
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HIGHER ORDER MEMORY UNITS AND FREE 
RECALL LEARNING! 


GORDON WOOD? 


Michigan State University 


An attempt was made to determine how higher order memory units influence 
free recall learning by manipulating the number of memory units inappropriate 


for free recall learning. 


The number of words correctly recalled decreased as 


the number of inappropriate memory units believed to be present increased. 
The results supported the position that Ss form associations among the items 


to be recalled during free recall learning. 


Tulving and Osler (1967) assessed trans- 
fer from an 18-word free recall list to a 
O-word free recall list. The 18-word list 
for experimental Ss included all 9 of the 
second-list words, but no second-list words 
were included in the first list given to 
control Ss. Both groups received the same 
second list. The authors explained the 
poorer List 2 performance of the experi- 
mental Ss by asserting that inappropriate 
higher order memory units formed by 
experimental Ss during List 1 learning 
interfered with List 2 learning. 

The purpose of the present study was 
to investigate further how higher order 
memory units influence free recall learning. 
A disadvantage with a free recall to free 
recall transfer design is that it is difficult 
to control the number of inappropriate 
higher order units. An attempt was made 
to manipulate the number of inappropriate 
higher order memory units for free recall 
learning. Higher order memory units were 
formed by requiring Ss to associate 18 
pairs of 2 words each during List 1 learning. 
Each pair of words can be considered a 
higher order memory unit. The number of 
words in List 2 (0, 6, 12, 18) that belonged 
to a memory unit formed during List 1 
learning was manipulated. Only 1 word 
from any 2-word unit was presented in 
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List 2. If a word from a List 1 unit was 
presented in List 2, the 2-word unit was 
considered to be inappropriate for List 2 
learning since recall of the unit would 
result in one correct and one incorrect 
response. It was predicted that the amount 
of negative transfer would increase as the 
number of words in List 2 that belonged to 
a List 1 unit increased. 


METHOD 


Design.—A simple four-group experiment was 
conducted. All Ss were presented with 18 pairs of 
words for 10 alternating study and test trials. 
Following the 10 trials of paired-associate (PA) 
learning on List 1, all Ss were given a second list of 
18 words for free recall learning. All Ss received the 
same second list. The first lists were constructed so 
that 0, 6, 12, or 18 List 1 words, 1 word from each 
2-word unit, were presented in List 2. A total o! 
40 students from undergraduate courses in psy- 
chology at Michigan State University were randomly 
assigned to the four conditions such that 10 5s were 
in each group. 

Lisis.—All 54 words were two-syllable and could 
be used as nouns, and no word had a frequency 9 
occurrence of less than 4 per million. No 2 words for 
List 2 started with the same letter. For the zero 
group, 36 words, none of which was in List 2, were 
randomly paired, with only the restriction that the 
2 words for any one pair did not have the same initial 
letter. For the remaining three groups, 1 word from 
each of 6, 12, or 18 List 1 pairs was replaced with a 
word from List 2. 

Procedure.—The Ss were instructed to learn both 
words in each of the 18 List 1 pairs so that they 
could recall either word when presented with the 
other. The words were presented for 10 alternating 
study and test trials on a Stowe memory drum at а 
2-sec. rate. Four different random orders of the 
pairs were presented for study trials, and each word 
was presented as a stimulus for 5 of the 10 test trials. 
Following List 1 learning, Ss were given 10 alternat- 
ing study and test free recall learning trials. 
standard free recall procedure and instructions were 
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Mean number of words correctly recalled for the 10 free recall trials 


for Ss who recieved 0, 6, 12, or 18 List 1 words in List 2. 


used for List 2 learning. The words were presented 
at a 1-ѕес. rate. After each presentation of the list, 
the drum was stopped and S was given 30 sec. to 
recall orally the words from the list. A tape recorder 
was used to record the recall. Three different 
random presentation orders of List 2 were used. 


RESULTS 


List 1 learning—The mean number of 
words correctly recalled was determined 
for each S and divided by the number of 
trials. The mean number correct per trial 
was 11.70, 12.20, 12.55, and 11.17 for the 
groups who received 0, 6, 12, and 18 List 2 
words in List 1, respectively. These 
differences were not significant, F < 1. 
The failure to find List 1 learning differences 
suggests that the four groups were of equal 
learning ability. 

List 2 learning—The mean number of 
words correctly recalled for the free recall 
test trials is presented in Fig. 1. The 
results were clear since the amount of 
negative transfer increased as the number of 
words in List 2 that belonged to a 2-word 
unit formed during List 1 learning in- 
creased, F (3, 36) = 8.57, р < .001. The 
Trials X Conditions interaction was not 
significant, F < 1. The intrusion data also 
supported the view that the inappropriate 
memory units formed during List 1 learning 


were responsible for the negative transfer. 
The number of List 1 intrusions during 
List 2 learning was expected to increase as 
the number of List 2 words presented in 
List 1 increased. The mean number of 
different List 1 words which were given, 
incorrectly, during List 2 learning was .3, 
1.7, 2.9, and 4.3 for the groups who re- 
ceived 0, 6, 12, and 18 List 2 words in 
List 1, respectively. These means were 
significantly different, (3, 36) = 4.86, 
p < .01. 


Discussion 


The results of the present study indicate that 
Ss form higher order memory units during free 
recall learning. If associations are formed 
among the items to be recalled during free 
recall learning, it also follows that the recall of 
an item can be influenced by the recall or 
nonrecall of other items. The view that 
memory units are formed during free recall 
learning seems to demand that the presence of 
inappropriate memory units should result in 
impaired free recall performance. The present 
study supported Tulving and Osler's (1967) 
position since the amount of impairment of 
free recall learning was a function of the 
number of inappropriate memory units be. 
lieved to be present. Also, to the extent that 
Ss form associations during free recall lear 


nin 
the results of the present study are consi 5 


stent 
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with the results of PA studies employing the 
A-B, A-D negative transfer paradigm. That 
is, if Ss form associations among words during 
free recall learning, the present study can be 
viewed as a PA to PA transfer task. The 
associations to be formed by experimental Ss 
during List 2 learning were expected to conflict 
with the List 1 associations. Since negative 
transfer was obtained for experimental Ss, it 
follows that Ss were attempting to associate 
the items during free recall learning. 

Although the present study seems to give 
unequivocal support to the position that Ss 
associate items during free recall learning, a 
recent study by Slamecka (1968) supported 
the view that the recall of one item during free 
recall is independent of the recall of other items. 
Slamecka presented Ss with a free recall list 
and then provided half of the Ss with some of 
the items during the recall trial. A comparison 
of the recall of Ss provided with items and those 
not provided with items indicated that provid- 
ing some items did not facilitate the recall of 
the remaining items. According to the notion 
that Ss associate items during free recall learn- 
ing, providing Ss with part of the list should 
have aided the retrieval of the remaining items. 
Yet, since Slamecka’s Ss only had one opportu- 
nity to recall each list, it is possible that the 
associations among the items were not of 
sufficient strength to influence recall. In this 
respect, it should be noted that there were 
only small group differences for the first recall 
trial in the present study. In addition, a 
recent study by Wood (1969) suggested that 
few or weak memory units are formed during 
one-trial free recall learning. Wood assessed 
transfer from an 18-word free recall list to a 
9-word serial list. The serial list items were 
included in the free recall list for experimental 
but not for control Ss. There was no negative 
transfer for experimental Ss who received one 
free recall trial, weak evidence of negative 
transfer for Ss who received three free recall 
trials, and clear evidence of negative transfer 
for Ss who received six free recall trials. 
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Since the negative transfer was believed to be 
due to List 1 memory units interfering with 
List 2 learning, it appears that the number of 
trials of free recall learning influences the 
extent to which the recall of one item is 
independent of other items in the list. 

Finally, the present study has certain 
similarities to a study by Segal and Mandler 
(1967). Segal and Mandler had Ss learn a 
16-pair PA list by the anticipation method and 
then learn a free recall list composed of half of 
the items from the PA list. One of their 
conditions was essentially identical to Group 
18 of the present study. The free recall list for 
another group consisted of half of the PA pairs 
presented one word at a time in random order. 
The Ss who received the pairs were superior 
to Ss who received one item from each PA pair, 
but the differences were not statistically 
significant. Segal and Mandler's failure to 
use a control group (similar to Group 0 in the 
present study) made it impossible to determine 
whether negative transfer was obtained for 
their groups. Although the present study 
strongly suggests that negative transfer is 
obtained for Ss who receive a free recall list 
composed of one item from each PA pair, it 
is not clear whether negative transfer results 
for Ss who receive a free recall list comprised 
of both items from half of the PA pairs. 
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SEMANTIC GENERALIZATION OF THE GSR AS 
A FUNCTION OF SEMANTIC DISTANCE OR 
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The experiment was designed to investigate semantic generalization of the 
GSR as a function of connotative similarity as determined from semantic 
differential ratings and as a function of the order of presentation of the 
generalization test words. Half of the Ss were conditioned with a positively 
evaluated CS word and half with a negatively evaluated word. The CS 
conditions were subdivided into three groups for generalization: Group DS 
received the generalization test words in a decreasing order of connotative 
similarity from the CS word; Group IS received the test words in the order of 
increasing similarity ; and Group R received their test words in different random 
orders. It was found that positive and negative CS words conditioned equally 
well. No reliable evidence was obtained of semantic generalization as a func- 
tion of connotative similarity. Reliable gradients were obtained as a function 
of the order of presentation of the test words, indicating the influence of the 
orienting reflex evoked by the change from conditioning to generalization test 
words. These results contradict Osgood's (1961) theory of reciprocally 
antagonistic representational mediation processes and his theory that semantic 
generalization may occur as a function of similarity in connotative meaning. 


A study by Baxter (1959, 1962) has been 
cited by Osgood (1961) as providing sup- 
port for his theory that one basis for se- 
mantic generalization is the similarity be- 
tween connotative meaning responses in- 
duced by a CS word and generalization 
test words. Given word pairs that are not 
linked by verbal habits, semantic gener- 
alization of a response may occur between 
them as a function of their semantic 
similarity as determined by ratings on the 
semantic differential. According to Osgood, 
the study by Baxter is also of considerable 
importance because it purports to demon- 
Strate the reciprocal antagonism of positive 
and negative connotative meaning re- 
Sponses. Conditioning, e.g., negative mean- 
Ing to a word possessing negative connota- 
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tive meaning should occur more readily 
than the conditioning of negative meaning 
to a word initially possessing positive 
connotative meaning. 

Baxter (1959, 1962) selected six words 
over a wide range of evaluative connotative 
meaning which were rated on an evaluative 
semantic differential scale by each S prior 
to the conditioning experiment. One group 
of Ss was conditioned to one of the words 
which was randomly assigned and tested 
for semantic generalization on the re- 
maining words. Evidence of semantic 
generalization was not obtained in this 
group. Results taken by Osgood (1961) as 
support for the implications of his theory of 
meaning were obtained from two addi- 
tional groups. One of these groups was 
conditioned with the specific word that 
each S had given the highest positive evalu- 
ative rating and tested for generalization 
on the remaining words. Another group re- 
ceived as its CS the specific word that each 
S had given the highest negative evaluative 
rating and was then tested for generaliza- 
tion on the remaining words. The gener- 
alization gradients for the GSR obtained 
from the latter two groups intersected. The 
group conditioned with the negatively 
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evaluated CS showed the kind of gradient 
that one might expect: the greater the 
connotative similarity between the CS and 
test word or the less the evaluative distance 
as measured by the semantic differential, 
the greater the magnitude of the GSR 
evoked by a generalization test word. 
However, the opposite tendency was found 
with the group conditioned with their 
positively evaluated CS word: the greater 
the connotative similarity between the CS 
and test word, the smaller the GSR evoked 
bv the generalization test word. 

“Evidence obtained from the group con- 
ditioned with the negatively evaluated CS 
was taken by Osgood (1961) as support for 
his hypothesis that semantic generaliza- 
tion may occur on the basis of similarity 
in connotative meaning, in the absence of 
verbal response chaining or associative 
connections between words. Evidence ob- 
tained from the group conditioned with the 
positively evaluated CS was taken as sup- 
port for the hypothesis of reciprocally 
antagonistic representational mediation 
processes. 

Maltzman (1968), on the other hand, has 
argued that Baxter's (1959, 1962) results 
do not support Osgood's (1961) hypotheses 
for two reasons. First, Osgood's theory is 
ambiguous, so that almost any kind of 
result could be said to support the hypoth- 
esis that semantic generalization may occur 
on the basis of connotative similarity. 
Second, Baxter's experiment, like many 
others, is not adequately designed to 
investigate semantic generalization, and 
therefore does not provide an adequate 
basis for support for any particular hy- 
pothesis of semantic generalization. Due 
to the experimental procedure Baxter em- 
ployed, the generalization gradients that 
he obtained may be confounded with the 
effects of the orienting reflex (OR) (Sokolov, 
1960, 1963; Williams, 1963). | 

Following a brief habituation phase in 
which all words were presented, condition- 
ing in Baxter’s (1959, 1962) experiment 

consisted of the repeated visual presenta- 
tion of only one word, the CS, paired with 
the UCS interspersed among blank slides. 
The generalization test series of words was 
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introduced immediately after the condi- 
tioning phase. The radical change in 
stimulation represented by the presenta- 
tion of a new word after 12 presentations 
of the single CS word constitutes a condi- 
tion likely to evoke a GSR representing an 
OR. Successive presentations of the dif- 
ferent generalization test words would re- 
sult in habituation of the OR as evidenced 
by decreasing GSRs. The intersecting 
generalization gradients obtained by Bax- 
ter (1962) could therefore have been gen- 
erated by a biased order of presentation of 
the generalization test words. Since ad- 
jacent points in the generalization gradients 
were probably not significantly different 
statistically, it would only require the dis- 
proportionate occurrence of a few test 
words in a given order to produce the 
gradients obtained. 

The purpose of the present experiment 
was to investigate semantic generaliza- 
tion of the GSR as a function of connota- 
tive similarity and as a function of the 
order of presentation of the generalization 
test words. 


METHOD 


Subjects.— One hundred and twenty students from 
the introductory psychology course at the Univer- 
sity of California at Los Angeles served in the 
experiment. There were an equal number of men 
and women in each of the experimental groups 
employed. а 

Procedure.—The same six words were used as in 
Baxter's experiment: HOME, MONEY, NURSE, BLEAK, 
FRAUD, and STARVE. Evaluative ratings of the six 
words were obtained on a pleasant-unpleasant scale 
of the semantic differential before and after the 
conditioning experiment. For half of the Ss the 
CS word was the one that he rated as most Un- 
pleasant on the semantic differential administered 
before the experiment began, while for the remaining 
Ss the CS word was the word he rated as most 
pleasant. Following completion of the experiment 
Ss were also administered a seven-point scale on 
which they were asked to rate the degree to which 
they expected the UCS to follow each of the words 
presented to them during the experiment. 

The experimental procedure was similar to 
Baxter's, with certain exceptions. For one thing, 4 
110-db. white noise served as the UCS rather than 
electric shock. Following Baxter's procedure, al 
six words were presented three times in different 
random orders prior to the start of conditioning and 
again after the generalization test was completed. 
Twelve conditioning trials were administered with 
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three nonreinforced blank slides interspersed among 
the conditioning trials. The interword interval was 
20 sec. with each word visible for 2 sec. The UCS 
occurred .5 sec. after the appearance of the CS word 
and they terminated simultaneously. The Ss were 
instructed to repeat each word subvocally when it 
appeared and to try to keep their minds blank 
between words. 

Three different generalization groups were em- 
Ployed. For Group DS the generalization test 
Words were presented according to their decreasing 
Similarity with each S's CS word. If the CS was 
S's most pleasantly rated word, the first generaliza- 
tion test word was the next most pleasantly rated 
Word for that S, etc. For Group IS the generaliza- 
tion test words were presented according to their 
Increasing similarity with the CS word. If the CS 
Was rated maximally pleasant by a given S, the first 
test word was the one he had rated most unpleasant, 
and so on for the words of decreasing unpleasant- 
ness, increasing pleasantness, or increasing connota- 
tive similarity with the CS word. For Group R the 
Order of the generalization test words was ran- 
domized for each S. КИ” 

Within each of the above three generalization 
groups were two CS subgroups. One group, C+, 
was conditioned with its most extreme positively 
evaluated word while the second group, C—, was 
conditioned with its most extreme negatively 
evaluated word. р 

The words and blank slides were projected on 
a clear wall 6 ft. 6 in. in front of S by means ofa 
Kodak Carousel projector. Height of the projected 
letters was 2 in. The UCS was generated by a 
General Radio Type 1390-B random noise generator 
and was delivered to a Calrad HP-1 headset. Pal- 
mer GSR was recorded with circular zinc discs 20 
mm. in diameter which were embedded 5 mm. in 
plastic cups. The cups were filled with electrode 
paste made from agar and a 1% solution of zinc 
sulphate. The output from a Darrow-type GSR 
bridge using a 40-ua. current was transmitted to one 
channel of a Sanborn Model 320 amplifier-recorder. 
The S was seated in an electrically and sound shield- 
ed room adjoining the apparatus room. The wall 
common to the two rooms contained a one-way 
window. 


RESULTS 


The presence of conditioning was deter- 
mined in the same manner as in Baxter's 
(1962) study. The mean responses to the 
three presentations of the CS word before 
conditioning and the three presentations of 
the CS word following conditioning were 
compared in an analysis of variance. The 
mean GSR (log conductance change score) 
was 34 before conditioning and .89 follow- 
ing conditioning and the generalization 
series. The difference was significant, F 
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(1, 96) = 83.20, р < .01. Effects of CS 
subgroup, generalization treatment, and 
and their interactions were not statistically 
significant. In other words, the mean 
GSRs to the CS following the generaliza- 
tion series as well as the change scores 
before and after conditioning did not differ 
reliably between the CS+ and CS— sub- 
groups. No evidence of reciprocal an- 
tagonism was found in this measure of 
conditioning. 

As in other experiments in this labor- 
atory, Ss were categorized as high or low 
orienters on the basis of the magnitude of 
their GSR to the first stimulus change— 
in this experiment, the first word in the 
habituation series prior to conditioning. 
The analysis of variance of the GSRs to the 
three presentations of the CS word before 
and after conditioning indicated that the 
main effect of OR was significant, F (1, 96) 
= 40.44, p < .01. Also significant were the 
OR X Trials, F (2, 192) = 4.92, p < .01; 
OR X Blocks, F (1, 96) = 5.65, p < .05; 
and OR X Blocks X Trials interactions, 
F (2, 192) = 6.21, p < .01. These results 
indicate that high-OR as compared to 
low-OR Ss showed reliably larger GSRs 
to the CS word before and after condition- 
ing; showed a greater rate of habituation 
to the CS prior to conditioning, but less 
habituation to the three presentations of 
the CS after conditioning; and showed 
a disproportionately greater increase jn 
the magnitude of their GSR following 
conditioning. 

A second analysis of conditioning, follow- 
ing Baxter, compared the mean responses 
to the blank slides, .76, with the mean re- 
sponses to the CS word following the 
generalization test, .89. This difference 
was significant, F (1, 96) = 10.52, р < .01. 
There was also a reliable Stimuli X CS 
Subgroup interaction, F (1, 96) = 5.67, 
p «.05. The CS— group showed a dis- 
proportionately larger difference between 
their responses to the blanks and the CS 
word than did the CS+ group. This 
interaction was due to the CS— group 
giving appreciably smaller responses to 
the blanks than did the CS+ group (.68 
vs. .85). The two groups did not differ 
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significantly in their responses to the CS 
words. These results also fail to support 
the notion of reciprocal antagonism between 
connotative meaning responses. Level of 
OR was again a significant main effect, 
F (1,96) = 27.70, p < .01. 

In order to analyze the results of the 
generalization test in a manner comparable 
to Baxter's, the responses to the test words 
were arranged according to increasing 
evaluative distance, decreasing similarity 
with the CS word as determined by the 
initial ratings, regardless of the order of 
presentation of the words in the generaliza- 
tion series. The results may be seen in 
Fig. 1. The CS Group X Evaluative Dis- 
tance interaction found by Baxter was not 
significant in the present experiment, 
F (4, 384) — .38. 

When order of presentation was con- 
sidered, as shown in Fig. 2, a highly reliable 
effect was obtained, F (8, 384) = 9.86, 
p < .01. Figure 2 shows the results ob- 
tained from the three generalization treat- 
ments averaged over the CS+ and CS— 
groups. Group DS received the generaliza- 
tion test words in a decreasing order of 
connotative similarity. The first test word 
presented in the generalization series was 
most similar to Ss’ CS word. Group IS 
received the generalization test word in an 
increasing order of connotative similarity. 
The first test word presented to this group 
was least similar, і.е., had the greatest 
evaluative distance from the CS word. 
When the order of presentation of the 
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for the three generalization test groups regardless of 
CS subgroups. (Group DS received the words in a 
decreasing order of connotative similarity; Group IS 
received the words in the order of increasing con- 
notative similarity; and Group R received the words 
in random orders.) 


generalization test words is randomized, as 
in Baxter's experiment, the curve for Group 
R depicting the relationship between GSR 
and evaluative distance is essentially a hori- 
zontal straight line. 

Analysis of orthogonal polynomials in- 
dicated a significant difference in the linear 
trends of the three groups, F(2, 96) 
= 22.20, p < .01. The L scores for Groups 
DS, IS, and R were —.38, .36, and —.04, 
respectively. Quadratic components of the 
trends also differed significantly, F (2, 96) 
= 10.46, р < .01. The Q scores for Groups 
DS, IS, and R were .25, .19, and —.11, 
respectively. 

An analysis of variance of the semantic 
differential ratings of each S’s CS word 
before and after conditioning showed a 
significant CS Group X Rating interaction, 
Е (1, 96) = 144.53, р < .01. The main 
effects of CS group and of rating were also 
significant, F (1, 96) = 352.08, p< .01; 
and F (1, 96) — 87.68, p « .01, respec- 
tively. Before conditioning, of course, the 
CS+ was rated pleasant and the CS— 
was rated unpleasant. Following condi- 
tioning, the CS+ showed a decrease in 
pleasantness, i.e., was now rated slightly 
unpleasant. In contrast, the CS— showed 
a slight decrease in the rating of unpleasant- 
ness it received. 

Another analysis of variance was con- 
ducted on the pre- and postconditioning 


SEMANTIC DISTANCE VS. OR IN SEMANTIC GENERALIZATION 293 


ratings of the five generalization test words 
arranged for each S in order of pleasantness 
on the basis of the preconditioning ratings. 
The Pleasantness X Rating interaction was 
significant, F (4, 384) — 74.52, p « .01, 
and corresponded to the interaction for 
ratings of the CS word. Words with rela- 
tively pleasant ratings prior to conditioning 
showed a decrease in pleasantness follow- 
ing conditioning, whereas words rated as 
relatively unpleasant prior to conditioning 
Showed a decrease in unpleasantness follow- 
ing conditioning. There appeared to be a 
regression towards the mean, as well as an 
effect due to the conditioning experience. 

Following the generalization series Ss 
were asked to rate each of the six words on 
a seven-point scale in terms of the degree 
to which they expected that the particular 
word would be followed by the noise during 
the experiment. The overall mean ex- 
pectancy rating for the CS words was 
6.48. The ratings of the CS did not differ 
reliably among any of the subgroups. The 
analysis of variance of the ratings of the 
five generalization words yielded a sig- 
nificant OR X CS Subgroup X Evaluative 
Distance interaction, F (4, 384) = 2.98, 
p < .05. The nature of this interaction 
is shown in Fig. 3. High- and low-OR Ss 
in the CS+ group showed diametrically 
opposed trends. For high-OR Ss, the 
greater the difference between the CS+ 
and the generalization word, the greater 
their expectancy that the test word would 
be followed by the noise. Low-OR Ss, 
in contrast, showed a decrease in expectancy 
as the evaluative distance between CS and 
generalization word increased. High- and 
low-OR Ss in the CS— group showed 
similar trends. They most expected the 
noise to follow extreme words as compared 
to relatively neutral words. 

The analysis of the expectancy ratings 
also revealed a significant main effect for 
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Discussion 


The two tests of conditioning employed in 
this study correspond essentially to the tests 
employed by Baxter (1962). They are ob- 
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in the CS+ and CS— subgroups depicting their 
expectancy that the UCS would follow a particular 
generalization word. (The words have been ar- 
ranged as a function of evaluative distance from the 
CS.) 


viously weak and imprecise tests of the changes 
produced by the conditioning procedure. 
Nevertheless, they indicate that conditioning 
had occurred. The CS word following condi- 
tioning evoked reliably larger GSRs than 
before conditioning, and the CS word after 
conditioning also evoked larger GSRs than the 
blank slides during conditioning. Thus the 
use of intense random noise as the UCS in 
this experiment rather than the electric shock 
employed by Baxter was not a critical differ- 
ence between the two studies. 

The facts that both the CS+ and CS— 
groups showed conditioning and the magnitude 
of their responses to the CS did not differ 
reliably is contrary to the implications of 
Osgood's (1961) hypothesis of reciprocally 
antagonistic mediational processes, at least 
under the conditions of the present experiment. 

The results of the generalization test failed 
to provide any reliable evidence of semantic 
generalization between words as a function of 
evaluative distance or connotative similarity, 
thus contradicting Osgood's theory of semantic 
generalization. On the other hand, highly 
reliable response gradients were obtained, in- 
cluding intersecting gradients, as a function 
of the prearranged orders of presentation of 
the generalization test words. These findings 
suggest that Baxter's intersecting gradients 
of generalization may have been due to biases 
in his word orders rather than a consequence 
of reciprocally antagonistic mediational pro- 
cesses. Group R in the present experiment 
which received different random orders of 
generalization words failed to provide any evi- 
dence of semantic generalization. 

Magnitude of the GSR to the first word in 
the habituation series taken as a measure of 
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individual differences in the OR was reliably 
related to subsequent conditioning. However, 
in the absence of within-S control stimuli, 
differential conditioning, it is not possible to 
determine whether such results simply reflect 
individual differences in responsivity or a more 
general characteristic of central nervous system 
activity corresponding to what may be con- 
sidered to be an aspect of attention (Maltzman, 
1968). The interaction between OR, CS, and 
expectancy rating suggests that the measure of 
the OR is more than peripheral responsivity. 
However, in view of the complex nature of the 
interaction, an interaction not amenable to 
any simple interpretation and therefore a pos- 
sible chance occurrence, these results do not 
provide clear support for any particular inter- 
pretation of the OR or of semantic generaliza- 
tion. Such results do emphasize the complex 
nature of the phenomena under investigation. 

The absence of reliable evidence of semantic 
generalization as a function of connotative 
similarity in the present experiment suggests 
that it is decidedly premature to use principles 
of semantic conditioning and generalization 
interpreted in terms of representational media- 
tion processes as the basis for an account of 
even more complex phenomena (Staats & 
Staats, 1963). Such principles do not exist 
at the present time. 

In contrast to the minimal effects of con- 
notative similarity on the GSR gradient in 
the generalization series, the order of presenta- 
tion of the test words had a highly reliable 
effect in the predicted manner. Regardless 
of its connotative similarity to the CS and re- 
gardless of the CS rating, the magnitude of the 
GSR evoked by a word was a decreasing func- 
tion of its order of appearance in the test 
series. This effect follows from the implica- 
tions of the notion of the OR as a nonspecific 
generalized response of the organism to stimu- 
lus change (Sokolov, 1960, 1963). When a 
measure such as the GSR which is assumed to 
be a measure of the OR is the dependent 
variable in an experiment, then such stimulus 
changes are inextricably involved in the deter- 
mination of experimental results. Studies of 
generalization, primary and secondary, which 
use only a single stimulus during conditioning, 
the CS, followed by test stimuli are particularly 
susceptible to the confounding effects of the 
OR. Generalization stimuli represent a stimu- 
lus change from conditioning and will therefore 
evoke an OR. Repeated test trials with the 
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same or with different stimuli evoke progres- 
sively smaller ORs because, it is assumed, S 
learns to anticipate that the stimuli will change 
and that they are not followed by the UCS. 
In other words, it is assumed that, e.g., the 
GSR manifestation of the OR is complexly 
determined by cortical events, what S is 
learning about the situation, rather than 
novelty or stimulus change per se. 

. A simple procedure for studying generaliza- 
tion without the confounding effects of stimulus 
change introduced by the generalization test 
is to have many different stimuli interspersed 
throughout conditioning. The different gen- 
eralization stimuli hence do not represent a 
stimulus change in contrast with the CS. The 
GSR has habituated to different stimuli other 
than the CS prior to the generalization series. 
Semantic conditioning and generalization, in 
particular, permit this procedure for controlling 
the OR to novel stimuli by the simple expedient 
of interspersing different words throughout 
conditioning and generalization (Maltzman, 
1968). Of course, such a procedure makes 
semantic conditioning and generalization a 
much more complex phenomena than it seems. 
But it is. 
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Two experiments were conducted to examine the effect of cueing Ss either 


“not to remember” or “not to recall” 
of proactive interference in short-term memory. 


encoded trigrams upon the buildup 
Experiment I showed that 


cueing S on certain trials not to remember the items he was encoding pro- 


duced a significant reduction in proactive interference. 


In Exp. II, $ was 


cued on certain trials not to recall the item he had previously encoded and 
stored. This manipulation did not significantly reduce proactive interference 
although the direction of the difference between the experimental and con- 


trol conditions was the same as in Exp. I. 


The results suggest that the act 


of responding to, or encoding, an item does not of itself determine the 
interference potential of that item in a short-term memory test series. 


For Melton (1963) and Broadbent (1963) 
à memory trace for a given stimulus item is 
only evidenced following a response 10. or 
encoding of, that stimulus item. Supposedly, 
therefore, once an item has been responded 
to it enters short-term storage and can now 
interfere with previously stored or subse- 
quently stored similar items. As Posner 
(1966) has recently suggested, the degree 
of forgetting of a given item in short-term 
memory (STM) is a function of the num- 
ber of similar items in store and the length 
of time for which that item is held in store. 
However, the question may be raised as to 
whether or not the act of responding to, or 
encoding, per se determines the interference 
potential of a given stimulus item. The 
present experiments were directed at this 
question. 

The procedure used was one which has 
been shown to produce proactive interference 
(PI) in STM. Keppel and Underwood 
(1962) and Loess (196+) have demon- 
strated that with successive presentations of 
the STM paradigm of the Peterson and 
Peterson (1959) variety, an increasing decre- 
ment in retention obtains across trials. In 
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the present experiments S was cued on cer- 
tain trials of the STM test series either “not 
to remember” the item he was presently 
encoding (Exp. I) or “not to recall” the 
item he had previously encoded and stored 
(Exp. П). The investigation was con- 
cerned with the effect these manipulations 
would have on the production of PI. 


EXPERIMENT І 


In the first experiment 5 was cued at the 
moment of reception that the item he was 
encoding was unnecessary, i.e.. he would not 
be required to remember that item for future 
recall. The experiment was concerned with 
the effect this manipulation would have on 
subsequent similar items that S was re- 
quired to remember and recall. 


Method 


Subjects—Sixty Ss were drawn randomly from 
the population of Ss provided by students taking 
the introductory psychology course at Ohio State 
University. The Ss were randomly assigned in 
order of appearance at the laboratory to one of 
two conditions, with 30 Ss per condition. 

Procedure.—Each S was given 20 trials. A trial 
was composed of the following events presented 
as a sequence of slides delivered by a Kodak 
Carousel projector and controlled by a tape timer: 
First, a ready signal of 2-sec. duration; second, a 
trigram exposed for 2 sec. which S read aloud 
once; third, a three-digit number present through- 
out the retention interval of 15 sec. from which 5 
counted backwards aloud by threes to the beat of 
а metronome set at 60 beats/min; fourth, a recall 
cue of 10-sec. duration. With the termination of 
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Fic. 1. Percentage recall for experimental and 


control conditions in Exp. I. 


the recall cue the ready signal for the next trial 
appeared. 

For every trial apart from Trials 1, 5, 10, 15, 
and 20, the trigram and recall cue appeared against 
a red background. The trigram and recall cue in 
Trials 1, 5, 10, 15, and 20 appeared against a green 
background. For the experimental condition the 
red background signaled to S that the trigram did 
not have to be remembered and did not, obviously, 
have to be recalled. The green background sig- 
naled that the trigram did not have to be remem- 
bered and a recall attempt had to be made. The 
control group received the same presentation pat- 
tern as the experimental group and also the same 
colored background conditions. This was to insure 
that color per se did not act as a discriminatory 
cue and novelty effects produced by shifting from 
one color to another were constant for both experi- 
mental and control conditions. The only difference 
between the two conditions was that for the control 
group, S was instructed to attempt to remember 
and recall all trigrams presented, with the infor- 
mation that some slides would be red and some 
green. In the experimental condition the instruc- 
tions made explicit the task of S when presented 
with a green or red trial. The trigrams used on 
Trials 1, 5, 10, 15, and 20 (ie, green trigrams) 
were counterbalanced across these five trials. 
Throughout the experiment E registered S’s recall 
and his performance on the interpolated task. In 
both conditions Ss had been instructed to perform 
as efficiently as possible on the interpolated activity. 


Results 
Figure 1 represents the recall scores for 
experimental and control Ss on Trials 1, 5, 
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10, 15, and 20. A dichotomous scoring sys- 
tem was used so that S was scored correct 
only if for a given trigram all items were 
recalled in their correct order. А # test re- 
vealed that the overall recall level on Trials 
5, 10, 15, and 20 for the experimental condi- 
tion was significantly higher than the recall 
level for the control condition, ¢ (59) = 
3.79, р < .001. 


EXPERIMENT II 


In the second experiment 5 was cued at 
the recall phase of an STM test that the 
item he had encoded and stored did not have 
to be recalled. The concern here was with 
the effect of not recalling given items in the 
S'TM test series upon subsequent items that 
S was required to recall. 

For this experiment 60 undergraduates 
were randomly selected from the same popu- 
lation as that used in Exp. I. The Ss were 
randomly assigned in order of appearance to 
one of two conditions, with 30 55 per condi- 
tion. The design was basically the same as 
that employed in Exp. I. Each S received 
20 trials. On all trials except Trials 1, 5, 10, 
15, and 20 the recall cue appeared against a 
red background and indicated to 5 in the 
experimental condition that he did not have 
to recall the preceding trigram. The items 
in the critical trials (Trials 1, 5, 10, 15, 20) 
all appeared on a white background with the 
recall cue appearing on white, signifying in 
this instance recall of the preceding trigram. 
The same trial pattern and the same color 
conditions were presented to Ss in the con- 
trol condition with their instructions indicat- 
ing that they had to recall on each trial and 
that some of the slides would be white and 
some would be red. The trigrams employed 
on Trials 1, 5, 10, 15, and 20 were counter- 
balanced across these trials. The apparatus 
was the same as that used in Exp. I, and 
the duration of events composing a trial, as 
in Exp. I, were set at 2 sec. for the ready 
signal, 2 sec. for the trigram, 15 sec. for the 
retention interval and interpolated activity. 
and 10 sec. for the recall phase. 


Results 


The recall scores for the experimental and 
control conditions are represented in Fig. 2. 
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As in Exp, I the dichotomous scoring sys- 
tem was used. A Ё test on S totals for 
Trials 5, 10, 15, and 20 showed that there 
was no significant difference between the ex- 
perimental and control conditions f (59) = 
1.19, р> .05. It is notable, however, that 
although cueing at recall did not significantly 
reduce PI, observation of Fig. 2 indicates 
that the level of recall for the experimental 
condition does remain higher over the critical 
trials than the level for the control condition. 

In contrast to Exp. I no general improve- 
ment in performance was detected over the 


20 trials. 
DiscussioN 


If encoding is defined as the translation of 
the visually presented trigram into a verbal 
form, the results of Exp. I clearly indicate that 
cueing S “not to remember" items that he 
encodes reduces the PI effect of those items. 
This observation is congruent with investiga- 
tions by Bjork (1967) and Bjork, Laberge, and 
Legrand (1968), who have shown that similar 
manipulations produce a reduction in proaction. 

Accepting Melton's (1963) partitioning of 
the learning-memory continuum into trace 
formation (TF), trace storage (TS), and trace 
utilization (TU), the question may be raised 
as to the location of this cueing effect. At the 
TF stage it is possible that S differentially tags 
the irrelevant trigrams in a manner that re- 
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duces the interference between these trigrams 
and the to-be-remembered trigrams. Also, at 
this stage, it is possible that 5, having encoded 
the irrelevant trigram, stores that trigram in an 
attenuated or “weaker” form. Weaker traces 
would presumably generate less interference. 

The most feasible interpretation appears to 
be one which emphasizes operations in the TS 
phase. It is possible that the differences ob- 
tained were due primarily to differences in 
rehearsal strategies. It may be proposed that 
S in the experimental condition rehearses the 
critical trigrams, those appearing on Trials 5; 
10, 15, and 20, more than S in the control con- 
dition; and/or S in the experimental condition 
rehearses the other trigrams, which are irrele- 
vant for him, less than S in the control condi- 
tion. Both assumptions would predict the 
superior performance obtained in the experi- 
mental condition. This interpretation, however, 
is weakened somewhat by the studies of Bjork 
(1967) and Bjork et al. (1968), who obtained 
the cueing effect in experiments designed to 
prohibit active rehearsal. 

Finally, the possibility exists that the effect 
observed in Exp. I was due to the fact that 
cueing Ss "not to remember" entails no recall 
at the recall point of a trial. Assuming that 
recall is an active search process which may 
result in the reproduction of the stored trace or 
some variation of that trace, then the effect of 
cueing may have been to reduce the interfer- 
ence generated at TU. Although Exp. II 
showed no significant reduction in PI as a 
function of cueing "not to recall," the direction 
of the difference between the experimental and 
control conditions in Exp. II was the same as 
in Exp. I. This suggests that the null hypothe- 
sis must be accepted with reservation, and as a 
consequence the possibility that the result of 
Exp. I was due to lack of recall cannot be ruled 
out. 

In conclusion, the results suggest that the act 
of responding to, or encoding, a given stimulus 
item, does not of itself determine the interfer- 
ence potential of that item with respect to 
subsequent similar items in an STM test series. 
Apparently, other operations contiguous with 
encoding and subsequent to encoding can modify 
the interference character of a stimulus item. 
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The formal stimulus similarity was arranged so that Ss were forced to 
learn the first list on the basis of the letters in one position of the CCC 


stimuli. 


The second-list stimuli were CCCs with no replication of letters. 


It was shown that the cue selection in the second-list learning varied with 
the position of the functional stimuli during first-list learning. 


In discussing stimulus selection in verbal 
learning, Underwood (1963) suggested that 
stimulus selection may be an active process 
and pointed out some of the implications of 
stimulus selection for transfer. However, 
little of the subsequent research has been 
directly concerned with transfer. Houston 
(1967) investigated the effect of instructions 
and of prior learning experience with one 
component on stimulus selection, but most 
studies have been concerned with the effec- 
tiveness of components as cues for recall. 

It has been demonstrated (Jenkins, 1963; 
Postman & Greenbloom, 1967) that the 
first letter of low meaningfulness trigrams 
is the most effective single-letter cue for 
recall, while the second letter of the tri- 
gram is least effective. This implies that 
the effect of formal stimulus similarity on 
learning depends on the location of the 
replicated letters. For instance, if the 
similarity is among letters in both the sec- 
ond and third positions in a trigram then this 
should be less difficult than if the similarity 
is among the letters in the first and third 
positions, The present study compared 
learning with the location of the distinctive 
stimulus letters in either the first, second, 
or third position. It was expected that the 
difficulty of the learning would correspond 
to the results of the stimulus selection 
studies. Distinctive letters in the first posi- 
tion should result in the least difficult list, 
those in the second position should be most 
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difficult, and distinctive letters in the third 
position should result in intermediate dif- 
ficulty of the list. 

The second purpose of this study was to 
determine if selection of letters in a par- 
ticular position as the functional stimuli will 
transfer to second-list learning. For ex- 
ample, assume that the first two letters of 
the stimulus trigrams in the first list do not 
permit discrimination and S is forced to use 
the third letters as functional stimuli for 
learning. Will this increase the tendency to 
select the third letters of trigrams as func- 
tional stimuli for learning a second list? 


METHOD 


Lists—There were three first lists which differed 
only in the arrangement of the letters in the stimu- 
lus CCCs. List A consisted of six pairs: zvw-book, 
cwy-knob, Qvw-tree, Lyv-shoe, Mwy-fish, and HYV- 
dirt. Note that the first letters of the stimuli were 
all different, while any sequence of second and third 
letters occurred in two different stimuli. Presum- 
ably Ss could learn this list only on the basis of 
the difference in the first letters of the stimuli or, 
of course, on the basis of the complete pattern. 
The other two lists were exactly the same as 
List A except the first and second letter in each 
trigram was interchanged for List B and the first 
and third letters in each trigram was interchanged 
for List C. Thus the three lists differed only in 
the location of the distinctive letters. 


The second list was the same for all Ss and con- 
sisted of six pairs: 756-3, crP-B, Bop-4, TLN-5 
хум-7, and RKH-6. Note that there was Ho 
replication of letters in the trigrams and that the 
responses were the numbers 3-8. The distinctive 
letters from the first lists occurred in the second 
list, but two of the six letters were assigned to each 
of the three positions. This was a control for 
transfer of stimulus selection based on prior use 
of the letters as stimuli. The second list could be 
learned with letters from any one position or any 
combination of positions as the functional stimuli 
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Procedure.—Each S learned two lists and then 
recalled the second list with letters from one of 
the three positions in the stimulus CCCs as cues. 
The two lists were presented on a Stowe memory 
drum by the recall method with alternate study 
and test trials. The items were presented at a 
2-sec. rate with a 2-sec. interval between trials. 
The Ss were instructed to say the correct responses 
on the test trials, but were not required to read 
the presented items aloud. 

The first list was presented for eight trials; 
eight presentations of the pairs with each presenta- 
tion followed by a presentation of the stimulus 
items alone for recall. One minute after first-list 
learning, S was told that he would learn another 
list by the same procedure and was presented the 
second list for two trials. The use of recall of 
the response without recall of additional stimulus 
elements for inferring stimulus selection ( Postman 
& Greenbloom, 1967) makes the degree of learning 
rather critical. The objective was to prevent too 
many perfect or zero recall scores and a pilot 
study indicated that two trials should satisfy this 
criterion. 

Immediately after second-list learning, Ss were 
given a sheet of paper containing six letters from 
the same position in the second-list trigrams. Each 
of the six letter cues had dashes indicating the 
missing stimulus letters and the response, e.g. 
— 3 . The Ss were reminded that 
the numbers 3 through 8 had been paired with the 
letters and were instructed to write the correct 
number for each of the letters. After they finished 
the response recall they were instructed to write 
the appropriate missing stimulus letters over the 
dashes. 


MEAN CORRECT RESPONSES 


| 2 3 4 
TRIAL 


Mean number of correct responses during first-list learning. 


Fic. 1. 
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Design.—There were three first lists with the 
distinctive stimuli in different positions (List A, B, 
and C) and the letters presented for second-list 
recall were from either the first, second, or third 
position of the second-list stimuli. The conditions 
will be designated by the first list and by the 
position of the letters presented for recall, e.g., B-3 
refers to the group which learned List B and was 
presented with letters from the third position of 
the second-list stimuli for recall. The nine condi- 
tions were listed in counterbalanced orders and Ss 
assigned to conditions in this sequence as they 
appeared at the laboratory. There were 12 Ss in 
each of the nine conditions and all 108 Ss were 
students from an introductory psychology course. 
All had previously served as Ss in a paired- 
associate learning experiment. 


RESULTS 


First-list learning.—The mean numbers 
of correct responses during first-list learning 
are presented in Fig. 1. The differences 
due to lists were significant with both the 
total number of correct responses, Р (2, 99) 
= 7.25, and the number of correct responses 
on the first trial, F (2, 99) = 5.99, As was 
expected from the stimulus selection studies, 
List A with the distinctive letters in the first 
position was least difficult, while List B 
with the distinctive letters in the second 
position was most difficult. Although per- 
formance was not perfect on the last trial, 
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most Ss had learned the list, so it was rea- 
sonable to assume that they were responding 
on the basis of the distinctive letters. 

Second-list learning—The mean number 
of correct responses on the two trials of 
second-list learning for each condition are 
presented in Table 1. The effects of first 
list and of recall cue position did not ap- 
proach significance, Fs < 1.00. The inter- 
action was significant, F (4, 99) = 3.10, р 
<.05. There was no apparent reason for 
the interaction, the learning results did not 
explain the differences found in recall, and 
the correlation between the number of cor- 
rect responses during second-list learning 
and recall was not significant in any of the 
groups; therefore the interaction will not be 
considered further. 


TABLE 1 


MEAN Correct RESPONSES DURING 
Sreconp-List LEARNING 


First list 
Cue И 
Position 
A B c Combined 
1 9.25 9.33 7.92 8.83 
2 10.42 8.83 9.25 9.50 
3 4.15 9.33 10.17 9.08 
Combined 9.14 9.17 9.11 


There was no indication that first-list 
learning differentially affected second-list 
learning since the means of the correct re- 
sponses for the first-list conditions were 
almost identical (Table 1) and an examina- 
tion of the first trial showed the same results. 

Response recall.—The means of the num- 
ber of correct responses on recall are pre- 
sented in Table 2. An analysis of variance 
Showed that the effects of recall cue posi- 
tion, F (2, 99) — 17.93, and the interaction, 
F (4, 99) — 5.54, were significant beyond 
the .01 level and that the effects of first list, 
F (2, 99) = 3.09, just attained the 05 
level. However, in spite of the fact that 
there were only two trials of second-list 
learning, all 12 Ss in Cond. A-1 performed 
perfectly and 11 of the 12 Ss in Cond. C-3. 
Since this prohibited dependence on conven- 
tional statistical analysis, the case for stimu- 
lus selection based on first-list learning will 


TABLE 2 
MEAN Correct RESPONSES ON RECALL 


First list 
Cue 
position 
A B c Combined 
1 6.00 5.58 9.17 5.58 
2 2.92 3.92 3.08 3.31 
3 2.58 4.33 5.83 4.25 
Combined | 3.83 4.61 4.69 


be made on the basis of the consistency of 
the data. The overall recall to the letters 
from each position corresponded to that ex- 
pected from the previous stimulus selection 
studies with the most recall to letters from 
the first position and the least to letters 
from the second position. However, only 
the B groups showed this relationship, while 
the A and C groups did not. Examination 
of the rows in Table 2 shows that the best 
recall, for each cue position, was for the 
group that was forced to use that position as 
a functional stimulus in first-list learning, 
i.e., A-1, B-2, and C-3. 

Postman and Greenbloom (1967) pointed 
out that response recall to an element of a 
stimulus may be mediated by other stimulus 
elements and that stimulus selection can be 
inferred only when S recalls the correct re- 
sponse and does not recall any additional 
stimulus elements. Table 3 presents the 
number of cases in which there were no 
additional stimulus letters recalled for each 
condition. The probabilities of recalling a 
correct response when there were no stimu- 
lus items recalled are also given. Although 
the N was rather small in some conditions, 


TABLE 3 


CONDITIONAL PROBABILITIES OF RECALL, GIVEN 
ZERO STIMULUS LETTERS RECALLED 


First list 
© 
position A B | c 
N b N p N ? 
1 45 1.00 26 .88 21 ‚67 
2 34 .06 31 48 31 .06 
3 41 17 17 12 17 .88 


Combined | 120 AS | 74 54 69 45 


302 


TABLE 4 
MEAN NUMBER ОЕ STIMULUS LETTERS RECALLED 


First list 
Cue d n 
position 
A B с Combined 
1 2.42 5.75 5.92 4.69 
2 4.08 4.83 5.17 4.69 
3 3.08 7-25 7.08 5.81 
Combined 3.19 5.94 6.06 


the pattern was very similar to that for the 
recall shown in Table 2. The best recall to 
each cue position was by the group which 
was forced to use that position in first-list 
learning. Thus, with both total response 
recall and response recall conditional on 
zero recall of stimulus letters, the results 
suggest that there was transfer of stimulus 
position selection from first- to second-list 
learning. 

Two letters from the first-list distinctive 
letters were included in each stimulus posi- 
tion in the second list. Any effect of these 
old letters, compared to the new letters, on 
recall would indicate some selection based 
on whether the letters had appeared previ- 
ously as stimulus elements. The probability 
of recalling the correct response to the old 
letters and to the new letters was computed 
for each recall cue position, For the first 
and third cue position there was little differ- 
ence between the old and new cue letters: 
.93 for both in the first position, .69 and 
.72 in the third position. However, there 
was a difference when the second position 
letters were the cues for recall. There was 
a probability of .68 of a correct recall to the 
old letters and .49 to the new. As a check 
on this, the probability of a correct response 
was computed only for Ss who recalled at 
least one correct response but less than six 
correct responses. This permitted differ- 
ences for all Ss but the relative results were 
much the same. The probabilities of a cor- 
rect recall for old and new letters, respec- 
tively, were .58 and .58 for the first cue 
position, .38 and .42 for the third, and .63 
and .33 for the second. This may mean 
that the recall for the second cue position 
was somewhat inflated and that Ss may 
select old stimulus elements when the cue 
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position is not one easily used as a functional 
stimulus. There was no control for par- 
ticular letters, but both old letters in the 
second cue position produced the same prob- 
ability of recall, .69 for one and .67 for the 
other. 

Stimulus-letter recall. —The mean numbers 
of correct stimulus letters recalled are pre- 
sented in Table 4. Overall, 4296 of the 
missing stimulus letters were recalled cor- 
rectly. Cue position was not effective, F 
(2, 99) = 1.25, and the F for the interac- 
tion was less than 1.00. These results are 
similar to those with the hard-to-pronounce 
stimulus trigrams in the Postman and Green- 
bloom (1967) study and the CCC stimuli in 
the Lovelace and Blass (1968) study. There 
were fewer stimulus letters recalled in the 
A condition ; lists was significant, F (2, 99) 
=7.99. This difference in the number of 
stimulus letters recalled was entirely due to 
the difference in the recall of both stimulus 
letters to the cue letters. The mean num- 
bers of correct single letters (only one of the 
two letters was correct.) were 1.47, 1.56, 
and 1.44 for List A, B, and C, respectively. 
The corresponding mean numbers of cases 
where both stimulus letters were recalled 
were .86, 2.19, and 2.31. 

The Ss were required first to write the 
number responses to the cue letters and 
then to fill in the missing stimulus letters. 
In the case of a correct response the stimu- 
lus letters to be recalled were appropriate to 
both the letter cue and the response. How- 
ever, when the response was not correct, a 
recalled stimulus letter could be appropriate 
to the letter cue or to the incorrect response 
but not to both. There were no errors in 
Cond. A-1 and very few in B-1, C-1, and 
C-3; any results based on the number of 
errors are suspect. However, by combining 
cue positions, there were 78, 50, and 47 in- 
correct responses in Groups A, B, and C, 
respectively; in 82%, 52%, and 64% of 
these cases one or both of the recalled 
stimuli were appropriate to the incorrect re- 
sponse and not to the stimulus cue. The 
corresponding percentages for recalled stim- 
uli appropriate to the stimulus cue were 10, 
28, and 19. In 82% of the cases where 
stimulus recall was appropriate to the in- 
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TRANSFER OF LETTER-POSITION CUE SELECTION 


correct response, the appropriate letter was 
in the first position. 


Discussion 


_ The relative difficulty of the first lists shown 
in Fig. 1 demonstrates that Ss’ tendency to 
select letters in certain positions as functional 
stimuli inhibits performance if they are forced 
to use a nonpreferred position. It is not clear 
whether this difference is due to the difficulty 
of using certain positions as cues or to the 
difficulty of discovering the letter position 
which can be used to facilitate learning. Post- 
man and Greenbloom (1967) suggest that selec- 
tion of the first letter is the most economical 
procedure because it minimizes the amount of 
time spent in scanning elements other than the 
selected one. There was no indication of this 
economy in the second-list learning. The per- 
formance of Ss who had been forced to use 
different cue positions in the first list was 
essentially equal, and not in the direction 
expected if the location of the functional cue 
was still affecting performance. There were 
3.86, 3.79, and 3.56 mean correct responses on 
the first trial of the second-list learning for 
Groups A, B, and C, respectively. However, 
second-list learning was extremely rapid and a 
firm conclusion about the economy of letter 
Position selection from CCCs must wait for 
more direct evidence. 

Although there was no indication that forcing 
S to use letters in a particular position during 
first-list learning had any effect on performance 
during second-list learning, it is clear that there 
was some effect on what was learned. Table 2 
shows that for cue letters from each of the 
three positions, recall tended to be best for 
those Ss who had been forced to use letters in 
that position as the functional stimuli during 
first-list learning, i.e., Cond. A-1, B-2, and C-3. 
When the dual criteria for inferring stimulus 
selection was used (Table 3), the differences 
were emphasized. There seems to have been 
no tendency to select the second letter as the 
functional stimulus unless the first-list learning 
had forced the use of that position. 

The recall results presented in Table 2 sug- 
gest that first-list learning with the distinctive 
stimuli in a nonpreferred position, List B or С, 
may produce better recall of the second list to 
Single letter cues. If true, this is probably not 
due to better stimulus selection (Table 3) but 
to superior learning of the stimulus items. The 
mean number of cases in which both stimulus 
letters were recalled correctly was .86, 2.19. 
and 2.31 for Cond. A, B, and C, respectively. 
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Although there were differences in second- 
list stimulus selection based on the letter posi- 
tion used in the first list, Table 3 shows that 
the tendency to select the first letter as the 
functional stimulus remains a powerful one. 
Only in the C-3 condition was there better 
recall to letters other than those from the first 
position. The relative effectiveness of first- 
position letters was also demonstrated by the 
fact that most of the stimulus letter recall, 
when the response was incorrect, were letters 
in the first position which were appropriate to 
the incorrect response. 

The present study is considered a demonstra- 
tion that stimulus similarity can force cue 
selection and that this cue selection can transfer 
to second-list learning. The greater effective- 
ness of the letters, which had been stimuli in 
the first list, as second-position cues for recall 
agrees with Houston's (1967) results and sug- 
gests that Ss may learn a variety of things 
which can influence cue selection. In many 
ways the present study seems more analogous 
to concept formation studies than to the usual 
paired-associate task. Due to the stimulus 
similarity in first-list learning, it may be that 
S discovers the relevant dimension, letters in 
a certain position, and then learns the “name” 
of each letter on that dimension. Thus, given 
the appropriate second-list conditions, transfer 
to the second list could be based on particular 
letters, letters in a particular position, position 
as the relevant dimension, or simply a tendency 
to select distinctive letter cues. 


REFERENCES 


Houston, J. P. Stimulus selection as influenced 
by degrees of learning, attention, prior associa- 
tions, and experience with the stimulus com- 
ponents. Journal of Experimental Psychology, 
1967, 73, 509-516. 

Jenxins, J. J. Stimulus “fractionation” in paired- 
associate learning. Psychological Reports, 1963, 
13, 409-410. 

Loverace, E. A, & Brass, E. M. Utilization of 
stimulus elements in paired-associate learning. 
Journal of Experimental Psychology, 1968, 76, 
596-600. 

Postman, L., & GREENBLOOM, R. Conditions of 
cue selection in the acquisition of paired-associate 
lists. Journal of Experimental Psychology, 1967, 
73, 91-100. 

Unpverwoop, B. J. Stimulus selection in verbal 
learning. In C. N. Cofer & B. S. Musgrove 
(Eds.), Verbal behavior and learning. New 
York: McGraw-Hill, 1963. 


(Received July 1, 1968) 


Journal of Experimental Psychology 
1969, Vol. 80, No. 2, 304-310 


RESISTANCE TO EXTINCTION OF COMPONENTS IN A COMPOUND 
STIMULUS AS A FUNCTION OF THE CSi-CS2 INTERVAL 
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Separate groups of rabbits were avoidance trained to one of six compound 
CSs. The CSs differed only in the precedence of the CS. by the CS;. The 
six precedence values were 0, .5, 1, 2, 4, and 8 sec. The CS, always over- 
lapped and terminated with the 2-sec. CS. The intersession delay (ISD) 
between the end of acquisition and the onset of extinction was orthogonal to 
the six CS conditions. The massed practice (MP) condition had a 0-Һг. 
ISD; the distributed practice (DP) condition employed a 24-hr. ISD. Under 
MP-0-ISD conditions, the 2.5-sec. CS; (.5-sec. precedence) yielded maximum 
resistance to extinction, whereas in the DP-24-ISD conditions, the 6-sec. 
CS: (4-sec. precedence) yielded maximum resistance to extinction. Acqui- 
sition speed was positively related to the CS,-UCS interval, and the avoid- 
ance latencies were a constant proportion of the CS,-UCS interval. 
Interpretations of the CS X Practice Condition interaction and latency data 


are presented. 


Many investigations involving compound 
conditioned stimuli have been concerned 
with the relative degrees to which the CR 
becomes conditioned to each of the separate 
CS components (Baker, 1968). Wickens’ 
(1959) sensory conditioning hypothesis is an 
attempt to account for the observed differ- 
ences in CS component strengths in the 
classical conditioning situation using com- 
pound CSs. The hypothesis states that the 
components within the compound CS be- 
come conditioned to each other, and that this 
conditioning process follows essentially the 
same principles as found in the conventional 
CS-UCS classical conditioning situation. In 
support of the hypothesis, Wickens (1959) 
and Wickens, Gehman, and Sullivan (1959) 
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reported an experiment which classically 
conditioned the GSR in humans to a com- 
pound CS (tone and light). During condi- 
tioning the CS5-UCS interval was 500 msec. 
and the CS,-UCS interval was varied be- 
tween values of 500 and 4,600 msec. They 
found that the magnitude of the GSR to a 
single presentation of the CS, component 
was greatest for the condition having a CS1- 
CS; interval of 400 msec. 

Additional support for the sensory condi- 
tioning hypothesis was presented in a sen- 
sory preconditioning study in which the 
optimal CS,-CS, interval during precondi- 
tioning training was found to be 400 msec. 
(Wickens & Cross, 1963). This figure 
stands in opposition, however, to the results 
of two preconditioning studies with cats as 
Ss.  Hoffeld, Thompson, and Brogden 
(1958) and Wynne and Brogden (1962) 
found the optimal CS,-CSs onset interval to 
be 4 sec. All of the studies cited above 
which have found 400 msec. to be the op- 
timal CS;-CSs interval have employed an 
extinction or test session immediately fol- 
lowing acquisition. The other studies which 
found a 4-sec. CS,-CS; interval optimal have 
employed a 24-hr. interval between acquisi- 
tion and testing. Although differences in 
species, response conditioned, or apparatus 
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might account for these differences, it seemed 
plausible to investigate the effects of differ- 
ences in the intersession delay (ISD). 

The present investigation is similar in de- 
sign to the Wickens et al. (1959) study. 
However, ISD has been manipulated in an 
attempt to assess the importance of this 
variable in determining the optimal CS;-CSs 
interval. 


METHOD 


Subjects—Albino New Zealand rabbits obtained 
from a local supplier weighed 3-4 Ib. at the begin- 
ning of avoidance training and were maintained 
on ad-lib food and water in individual cages. 

Design.—Essentially there were three separate 
experiments. The first experiment consisted of 
avoidance training and extinction on a distributed 
Practice schedule. The second experiment was a 
replication of the first with slight modifications. 
The third experiment involved a massed acquisition 
and test procedure. ‚2. 

In acqusition, all Ss received avoidance training 
to a compound CS consisting of a tone component 
(always CS,) and a light component (always 
CS:). The CS, was always of 2-sec. duration and 
its termination was immediately followed by the 
UCS (.1-sec. shock), unless of course an avoidance 
response had occurred. The tone component (CS) 
preceded, overlapped, and terminated with the light 
(CS). Six CS, precedence values (0, .5, 1, 2, 4, 
and 8 sec.) were employed for independent groups 
of Ss. Thus the 6 CS:-UCS intervals were 2, 2.5, 
3, 4, 6, and 10 sec. 

In Exp. I, six groups of 8 Ss each were avoid- 
ance trained to one of the compound CSs on a 
distributed practice schedule. These Ss received 20 
trials per day until they reached a criterion of 18 
avoidance responses on any one day. Twenty-four 
hours following attainment of the avoidance cri- 
terion half of each group received 20 extinction 
trials per day to the CS, of the training condition 
(ie, either 2-, 2.5-, 3-, 4-, 6-, or 10-sec. CS). The 
Other half received extinction to the CS: (2-sec. 
light). Following the attainment of the extinction 
criterion (2 CRs or less on any one day), Ss were 
Switched on the following day and given extinction 
trials to the opposite component until the same 
criterion had been reached. In Exp. IL, 12 Ss per 
group were employed in essentially the same 
design, the only difference being that all Ss were 
extinguished to the CS: component first, then to the 
CS; component. In Exp. III, six groups of 12 Ss 
each received avoidance training to one of the six 
sempound CSs used in the first two experiments. 
bs Г чене in treatment between Exp. Ш 
Ss in Ex TII пе practice schedule and ISD. Al 
s р. 111 received massed acquisition practice, 
Le, a maximum of 100 trials per day until a 
Criterion of 18 CRs out of any 20 consecutive trials 
had been reached. Immediately following attain- 
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ment of the avoidance criterion, extinction to the 
CS: component was initiated until the extinction 
criterion of two CRs or less out of any consecutive 
20 trials had been reached. 

Thus a total of 192 Ss were given avoidance 
training to one of six compound CSs. The six 
compound CSs differed only in the precedence of 
the CS; (light) by the CS; (tone). (In extinc- 
tion, CS component durations were the same as in 
acquisition.) Twenty of the 32 Ss under each 
compound CS received a 24-hr. ISD and 12 re- 
ceived a 0-һг. ISD. It should be noted that the 
design totally confounds practice schedule and ISD. 

Procedure and apparatus.—The Ss were assigned 
randomly to each of the six groups within each oi 
the three experiments run in succession. The 
experiments were conducted in a sound-insulated, 
light-shielded room. Conditioning apparatus was 
the rotating cage of Brogden and Culler (1936). 
The CS; (tone) was 1,000 Hz. in frequency at 60 
db. above .0002 dyne/cm?. Sound source was a 
loudspeaker located 1 ft. above the rotator. The 
CS. (light) was provided by two 100-w. bulbs 
suspended 4 in. from either end of the rotator. 
Electric shock (UCS) was produced by an elec- 
tronic stimulator that automatically maintained a 
constant current. All Ss received the same shock 
intensity on the first trial, after which the shock 
was adjusted on succeeding trials until it elicited 
a forward or backward hop response. Shock 
duration was .1 sec. and its onset immediately 
followed CS offset. Tone, light, and shock dura- 
tions were controlled by Tektronic Model 162-A 
wave-form generators, located outside the experi- 
mental room. In acquisition and extinction a CR 
was defined as a wheel-turning response that oc- 
curred during CS presentation. The Es made 
their observations through a one-way glass and 
recorded the presence or absence of wheel-turning 
for each trial On avoidance training trials, if a 
CR occurred, E manually opened a switch to pre- 
vent occurrence of the shock US and to stop the 
Hunter Klockcounter which recorded the latency 
of the wheel-turning response. The CS was not 
response-terminated in either acquisition or extinc- 
tion. The ITI was varied unsystematically between 
10 and 60 sec. 


RESULTS 


In all of the following analyses, р < .05 
has been adopted as the level of statistical 
significance. 

Acquisition.—Data were transformed to 
log trials to criterion to normalize the posi- 
tively skewed cell distributions and to sta- 
bilize the variances. A 6 х 2 analysis of 
variance was performed on the transformed 
data. The analysis indicated that the CS,- 
UCS interval main effect was significant, 


Е (5, 180) = 3.68, р < 0l. Speed of ac- 
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quisition of the avoidance response was posi- 
tively related to length of the CS,-UCS 
interval (cf. Fig. 1). Also, distributed prac- 
tice conditions facilitated avoidance acquisi- 
tion, F (1, 180) = 7.41, р < .01. A subse- 
quent Duncan range test (Duncan, 1955) 
contrasting the overall mean log trials to 
avoidance criterion (excluding the 20 cri- 
terion trials) at each of the CS,-UCS in- 
tervals indicated that Ss avoidance trained 
at the 2.5-ѕес. interval required more trials 
(X — 1.982) to reach the criterion than Ss 
trained at 4-, 6-, or 10-sec. intervals (X 
= 1.729, 1.766, and 1.694, respectively) ; Ss 
trained at the 2-sec. interval (X — 1.926) 
required more trials than Ss trained at the 
4- and 10-ѕес. intervals. No other differ- 
ences were significant. 

Latencies of the avoidance responses were 
measured in Exp. II and IIT. Each S's ac- 
quisition trials were Vincentized into quar- 
tiles. 'The mean CR latency was calculated 
for each quartile in each compound CS con- 
dition. (Recall that the short component in 
each compound CS was of constant 2-sec. 
duration.) Analyses revealed no differences 
among the quartiles within any compound 
CS condition. Thus, the mean of the quar- 
tiles was obtained for each S and these data 
were entered into a 2 X 6 analysis of vari- 
ance with massed vs. distributed practice 
orthogonal to the six CS,-UCS intervals. 


Only the interval effect was significant, F 
(5, 60) = 223.97, р < .001. Since the In- 
terval X Practice interaction was not signifi- 
cant, F (5, 60) = 1.24, the practice condi- 
tions were combined and the mean latencies 
of the six CS,-UCS intervals appear graphi- 
cally in Fig. 2. From the figure it is ap- 
parent that CR latencies are a positive linear 
function of the CS,-UCS interval. The least 
squares method yields a best fitting straight 
line (y —.77 x — .34) which accounts for 
98% of the variance among the interval 
means (cf. Fig. 2). 

Extinction to CS, component.—In Exp. 
I, four Ss at each of the CS, precedence con- 
ditions were extinguished to the CS» prior 
to extinction to the CS,. The form of the 
CS; extinction function for these Ss was 
similar to that for Ss extinguished initially 
to the CS,; i.e., initial extinction to the CS 
did not alter the shape of the secondary ex- 
tinction function to the CS,. However, the 
overall frequency of response during sec- 
ondary extinction was approximately one- 
half the level produced by groups extin- 
guished initially to CS, (X = 4.12 and 8.12, 
respectively). Thus, the scores of Ss given 
secondary extinction to CS, were doubled 
prior to combining them with the scores of 
Ss given initial extinction to CS, in Exp. 1. 
The data from Exp. I and IT were then 
combined after analyses revealed no signilt 
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cant differences to exist between the two. 
Since all Ss in Exp. І and П (DP-24-hr. 
ISD) received only 20 extinction trials each 
day and some Ss in Exp. III (MP-O-hr. 
ISD) did not receive more than 20 extinc- 
tion trials (minimum number to reach ex- 
tinction criterion), the first 20 extinction 
trials to the CS; were selected for analysis. 
"These 20 trials were divided into two blocks 
of 10 trials each for purposes of analysis. 
All Ss’ extinction scores were entered into 
абх2х2 х2 analysis of variance with 
repeated measures on the last factor. The 
six levels of the first factor represent the 
CS, precedence conditions. Second factor 
represents Ss given either DP-24-hr. ISD 
or MP-0-hr. ISD. Third factor corresponds 
to a fast-slow learner classification (Ss 
above and below each cell median in ac- 
quisition were classified as fast and slow 
learners, respectively) and the fourth factor 
represents the two blocks of extinction trials. 

The Precedence X Practice interaction (cf. 
Fig. 3) was the only significant between-Ss 
effect, F (5, 168) = 232, p< 05. Subse- 


8.0 


X .77Х-.34 


7.0 


№ 
о 


1.0 


307 


quent Duncan range tests on the means 
within each practice condition revealed the 
following: (a) In the DP-24-hr. ISD condi- 
tion, the 6-sec. CS; group (4-sec. prece- 
dence) produced significantly more responses 
in extinction than the 2- and 3-sec. CS, 
groups (0- and 1-зес. precedence, respec- 
tively). No other differences in the DP- 
24-hr. ISD condition were significant. (b) 
In the MP-0-hr. ISD condition, the 2.5-sec. 
CS, group (.5-sec. precedence) gave sig- 
nificantly more responses than all other 
groups. No other differences were signifi- 
cant. Subsequent two-tailed t tests between 
the means of the practice conditions at each 
CS, duration indicate that at the 2.5-sec. 
CS, duration, the MP-0-hr. ISD group 
yielded more responses than the DP-24-hr. 
ISD group, t (168) = 225, р < .05. The 
opposite relation existed at the 6-sec. CS4 
duration, t (168) = 4.16, p < .01). Noother 
differences were significant. 

In addition, the blocks term was signifi- 
cant, F (1, 168) = 105.44, р < .01, indicat- 
ing a decrease in the frequency of response 
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from the first to second block of 10 extinc- 
tion trials. However, the Block x Speed, 
F (1, 168) — 22.99, p « .01, and Block x 
Practice, F (1, 168) = 5.53, р < .05, inter- 
actions were also significant. The former is 
a result of the fact that in the first block, fast 
learners gave significantly more responses 
than slow learners, but this was numerically 
reversed in the second block although the 
difference was not significant. The Block x 
Practice interaction results from the greater 
number of responses given by the DP-O-hr. 
ISD group in the first block. No significant 
difference existed between the practice 
groups in the second block. 


Discussion 


The results of the CS, extinction data con- 
firm the previous findings of Wickens et al. 
(1959) and Wickens and Cross (1963) and 
also those of Hoffeld et al. (1958). The dif- 
ferences in the optimal CS,-CS, interval по 
longer appear attributable to differences in 
species or type of conditioning (classical GSR 
vs. avoidance vs. sensory preconditioning). 
However. the design of this study does not 
permit a clear-cut decision as to which aspect of 
the different practice conditions is critical: Is 
the interval between successive blocks of acqui- 
sition trials critical or is it rather the acquisi- 
tion-extinction interval (ISD)? Since a num- 
ber of Es have shown the latter interval to be 


critical (Brush, Meyer, & Palmer, 1963; Denny 
& Dichtman, 1962; Kamin, 1957) in avoidance 
conditioning, and since the amount of stimulus 
generalization appears to be a function of this 
interval (McAllister & McAllister, 1963), the 
following discussion will assume that the ISD 
interval is the critical variable in determining 
the results of the present study. Further, if the 
distribution of acquisition trials had differen- 
tially affected CS,-CS,-UCS conditioning, an 
interaction between practice conditions and 
trials to avoidance criterion should have ob- 
tained. 

In attempting to understand the Precedence 
X Practice interaction, Wickens' (1959) sen- 
sory conditioning hypothesis can be combined 
with the findings on stimulus generalization to 
suggest the following interpretation. At the 
termination of avoidance conditioning the .5- 
sec. CS,-CS, interval has acquired maximum 
sensory conditioning relative to the other 
precedence values employed. Conversely the 
4-sec. precedence value has acquired the least. 
Thus, in an immediate test of the CS, com- 
ponent, the CS; which had a .5-sec. precedence 
value elicits the greatest frequency of responses 
in extinction. From the data of Perkins and 
Weyant (1958) and McAllister and McAllister 
(1963), it can be inferred that the generaliza- 
tion gradient flattens over time and decreases 
in absolute height. If immediate tests for gen- 
eralization are viewed as an assessment of the 
strength of connections to similar stimuli, then 
it would appear that weak connections increase 
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in strength over time, while stronger connec- 
tions decrease. In fact, it would appear from 
the data of the present study, and from the 
investigations cited, that the weakest connec- 
tions increase in strength at the fastest rate 
and after 24 hr. are at levels similar to that of 
the strong connections. If further generaliza- 
tion can be made from the results of single CS 
studies to the behavior of CS,-CSs connections, 
it would appear that the increase in the re- 
sponse strength of weak connections is tempo- 
rary, reaching a peak at 24 hr. and decreasing 
thereafter, whereas strong connections maintain 
their strength over time (Gabriel, 1968). Thus 
with delays longer than 24 hr., the form of the 
CS, extinction function should return to that 
obtained under immediate test conditions. 

To account for the Block X Speed interac- 
tion, it is postulated that an orienting response 
(OR) to single CS component presentation in 
initial extinction trials inhibit the learned 
avoidance response. The strength of the OR 
should be a function of the number of com- 
pound CS presentations in acquisition. Slow 
learners would have a greater number of such 
presentations and thus show less responding on 
initial extinction trials to the CS component. 
A more detailed presentation of this hypothesis 
appears in Baker (1968). Е 

The latencies of the avoidance responses in 
acquisition are interesting. The data indicate 
that the latency is a constant proportion of the 
CS-UCS interval (approximately 4). This re- 
sult is not peculiar to the use of compound CSs 
(Frey & Ross, 1968). Further, the latencies 
underwent no systematic change as a function 
of stage of acquisition. These findings differ 
from those obtained from the fish (Behrend & 
Bitterman, 1964; Bitterman, 1965) : Avoidance 
latencies decrease as avoidance training pro- 
gresses. Although this might indicate a funda- 
mental difference between the rabbit and fish. 
Or between the use of single and compound CSs 
in the avoidance situation. it seems very possi- 
ble that the difference in findings is attributable 
to differences in design. Behrend and Bitter- 
man (1964) employed a response-terminated 
CS whereas CS duration was constant on all 
trials in the present study (also. in the rotator, 
a response does not alter the S’s position rela- 
tive to the CS sources). In an avoidance situ- 
ation, a CR must occur prior to the UCS onset. 
n situations employing a response-terminated 
CS condition, the CR necessarily reduces CS 
duration. Tf, in fact, Ss’ avoidance latencies 
are a constant proportion of CS duration, then 
à progressive decrease in latency will result in 
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the response-terminated CS condition. If de- 
creasing avoidance latencies are in fact an arti- 
fact of the response-terminated CS condition, 
then such decreases cannot be considered as 
evidence that the CS has acquired aversive 
properties. The latency data obtained from 
avoidance studies employing a response-termi- 
nated CS condition most probably reflect an 
average of the constant proportions of progres- 
sively decreasing CS durations from trials on 
which a CR was made with the constant pro- 
portion of CS duration on nonavoidance trials. 
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INTERACTIVE EFFECTS OF PREPARATORY INTERVALS, 
STIMULUS INTENSITY, AND EXPERIMENTAL 
DESIGN ON REACTION TIME 
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A simple reaction time (RT) task was employed in which the relationship 


between preparatory intervals (PIs) and 


stimulus intensity was exam- 


ined for three types of experimental designs: within-Ss blocked presentation, 


within-Ss random presentation, and between-Ss. 


An interaction was found 


between PI and intensity which was confirmed for both within- and between- 


Ss designs. 


In addition, the functions describing these interactive effects 


were different for the three designs employed. Even though the source of 
variance extracted was identical for the two within-Ss designs, some marked 
differences were found indicating that contextual variables are particularly 


critical. 


The results also suggested that variability in RTs attributable 


to temporal uncertainty is dependent, to some extent, on the ability of S to 
discriminate the PIs and form a response strategy based on their successive 


probabilities of occurrence. 


In most simple reaction time (RT) situa- 
tions in which preparatory intervals (PIs) 
are presented irregularly the only factor un- 
known to S is precisely when the signal to 
react will occur. However, it is apparent 
that when signals of different intensities are 
presented randomly from trial to trial, S is 
uncertain as to which stimulus will occur as 
well as when to react. In view of the 
marked effects on RT of temporal and event 
uncertainty, it is surprising that stimulus 
intensity studies typically have overlooked 
the possible interactive effects of these vari- 
ables. 

The majority of the intensity studies have 
employed irregular PIs to prevent S from 
anticipating the onset of the reaction signal. 
No systematic attempt has been made to 
assess the importance of the preparatory in- 
terval in relation to intensity. In a sense, 
signal intensity has been confounded with 
PI. 

Nevertheless, the importance of temporal 
intervals in conjunction with variation of 
stimulus intensity was suggested long ago 
by Woodrow (1914) for both aural and 
visual stimuli, Teichner (1954), in review- 


1 Requests for reprints should be sent to George 
Kellas, who is now at the Bureau of Child Re- 
search, University of Kansas Medical Center, 3933 
Eaton St, Kansas City, Kansas 66103. 
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ing the RT literature, also implied a rela- 
tionship between PI and stimulus intensity. 

This issue is further complicated by the 
particular experimental design employed in 
the study of signal intensity effects on re- 
sponse speed. Adaptation phenomena, both 
in terms of the patterning of stimuli and 
their dynamogenic properties, may be criti- 
cal. Grice (1966) and Grice and Hunter 
(1964) have emphasized that the function 
describing the effects of stimulus intensity 
on RT is partly dependent on the experi- 
mental design employed. In this connec- 
tion, they demonstrated that within Ss, ran- 
dom presentation of signal intensities led to 
a general slowing of response speed relative 
to an independent groups design. In addi- 
tion, the slope of the intensity function was 
found to be steeper when treatments were 
administered within Ss. However, when all 
stimuli are presented to the same S, the 
signals may be given either in blocks of 
trials at a single level of intensity or the 
stimuli may be presented randomly from 
trial to trial The effect of using blocked 
vs. random procedures has not been in- 
vestigated, but it is clear that there is a 
marked context difference between these 
methods of presentation. The present in- 
vestigation examined the relation between 
PI and signal intensity while employing 
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three types of designs: (a) between Ss, (b) 
within Ss, signals presented in blocks, and 
(c) within Ss, signals presented unpredict- 
ably from trial to trial. 


METHOD 


Subjects—A sample of 192 Ss, consisting of 103 
men and 89 women, was obtained from a state uni- 
versity. The mean chronological age was 19.3 yr. 
with a standard deviation of 1.3 yr. 

Apparatus.—The basic apparatus consisted of a 
Beltone audiometer, stereophonic earphones, a 
stimulus panel, timers, clock, telegraph key, and 
associated relay circuitry. The stimulus panel was 
located 24 in. from S and slightly below eye level. 
A one-plane digital display unit mounted on the 
stimulus panel provided a red warning signal light 
1 in. in diameter. The reaction signal was pro- 
vided by a 1,000-cps pure tone of varying intensities 
(re .0002 dynes/cm?). The experimental chamber 
was maintained at a consistent, low level of ambient 
illumination for all Ss. Recording and controlling 
apparatus was located in an adjacent room. 

Procedure.—The Ss were brought individually 
into the test chamber and seated before the appa- 
ratus with the response key located directly in 
front of them. After the earphones were in place, 
S was instructed that the red light was a signal to 
depress the telegraph key and a warning to get 
ready to respond. Each S was instructed further 
that he would hear a sound and upon hearing it 
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S was told that the sound would be weak, mod- 
erate, or intense depending on his subgroup desig- 
nation and treatment condition. All Ss were in- 
formed that they would sometimes have to wait 
longer than other times for the sound to occur. 
Emphasis was placed on making rapid responses. 

A trial was initiated with the onset of the warn- 
ing light for .5 sec. followed by a variable PI. 
The PI was defined here as the interval between 
the onset of the warning signal and the onset of the 
reaction signal. PIs of 1, 8, and 16 sec. were 
employed in an irregular procedure. The intensity 
values used were 15, 40, 65, and 90 db. 

Experimental design.—The Ss were assigned 
randomly to one of three major subgroups. Each 
subgroup constituted a different experimental de- 
sign characterized by the manner in which the 
reaction signal intensities were presented. The 
general conception of the design and analysis is 
described by Grice (1966). Two within-Ss designs 
were employed in which the intensity values were 
presented either randomly across trials (W-R) or 
in blocks of trials (W-B). А between-Ss design 
(Bet.) was also employed with the different in- 
tensity values presented to independent groups. 

In the W-R paradigm, 48 55 received 7 practice 
trials, 1 at each PI and intensity. The practice 
trials were followed by 84 test trials in four blocks 
of 21 trials each. Within each trial block PI and 
intensity combinations were randomly arranged 
with the restrictions that no more than two PIs or 


should release the key as rapidly as possible. The intensities of a given value occurred together suc- 
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Fic. 2. RT curves as a function of PI and intensity for ascending and 
descending orders of presentation of intensity values for the within-Ss 


blocked stimuli design. 


cessively. All PIs occurred equally often at each 
intensity value, 

For the W-B design, 48 Ss were randomly as- 
signed to two numerically equal subgroups. One 
group received intensity values in blocks of 21 
trials in an ascending order of presentation (15, 
40, 65, and 90 db.), and the remaining group re- 
ceived a descending order of presentation. Seven 
practice trials were given initially at the intensity 
value for the first block of trials with each PI value 
represented. In addition, 3 practice trials were 
given at the beginning of each trial block at the 
prearranged level of intensity. Within all trial 
blocks each PI occurred an equal number of times 
although presented randomly. 

Ninety-six Ss were randomly divided into four 
Numerically equal subgroups for the Bet. para- 
digm. Each group received a different intensity 
Value. Seven practice trials were administered 
With a random presentation of PIs. Practice trials 
Were followed by 81 test trials in four blocks of 21 
trials with a random presentation of PIs. 

„For all designs a 30-sec. rest interval was pro- 
Vided at the end of each trial block. The intertrial 
Interval was 10 sec. Anticipation responses, defined 
as those responses which occurred prior to the 
Onset of the reaction signal, were recorded and the 
trial was repeated, 


RESULTS 


" Median RTs were computed for each 5 
"der the various combinations of treatment 


conditions. These scores were analyzed by 
the independent groups method described by 
Grice (1966). The main effects of the 
analysis of variance corresponded to (a) 
type of design, (b) intensity, and (c) РІ. 
The statistically significant effects were in- 
tensity (р < .001), PI (р < .001), the In- 
tensity X PI interaction (р < .001), and the 
interaction of the three main effects (p < 
.01). The results are graphically displayed 
in Fig. 1. Additional analyses were con- 
ducted on the within- and between-Ss de- 
signs separately. 

Within-Ss analyses.— The median RT 
scores for each S across treatment combina- 
tions were subjected to a 2 X 4 X 3 analysis 
of variance. The main effects were (a) 
method of stimulus presentation. (random 
vs. blocked), (b) intensity, and (c) PI. 
The main effects of intensity and PIs were 
significant (№ < .01). The interaction of 
these factors was also significant (р < 001). 


2 The results of tests of homogeneity of variance 
were small but significant for all analyses. Conse- 
quently, the F tables were entered at the .01 level 
and interpreted at the .05 level of significance. 
This is the procedure recommended by Lindquist 


(1953). 
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The Method of Stimulus Presentation x PIs 
interaction was only marginally significant 
(p «.10). Simple effects analyses of the 
PI x Intensity interaction indicated that 
whereas intensity was significant at all Pls, 
PIs were associated with significant differ- 
ences in RTs only at the lowest intensity 
(р < .001). Slower response speeds ос- 
curred at the 1-ѕес. interval, with no reliable 
differences between the longer intervals. 

A further analysis was conducted on the 
within-Ss, blocked design, to assess the vari- 
ance attributable to ascending vs. descending 
order of presentation. The main effects cor- 
responded to (a) order of presentation, (5) 
intensity, and (c) PIs. Intensity was the 
only significant main effect (р « .001). 
Both interactions, PI x Intensity and Order 
of Presentation х PI X Intensity, were sig- 
nificant (р < .001). Simple effects analysis 
indicated that the PI х Intensity interaction 
was significant for the ascending order of 
presentation of the intensity values (р < 
001). Only the main effect of intensity 
reached an acceptable level of significance for 
the descending series (see Fig. 2). More 
detailed analysis of the ascending presenta- 
tion data revealed that PIs were significant 
for only the low-intensity signals (р < 
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001). At the low intensity, response speed 
was impaired at the shortest PI with no 
difference between the longer intervals. 
Comparisons among intensity values were 
all significant (p < .001). 

Between-Ss analysis.—Separate analysis 
of the between-Ss data was conducted across 
four trial blocks. The factors included in 
the analysis were (a) intensity, (b) trial 
blocks, and (c) PIs. PIs and intensity main 
effects were significant (р < .001). Also, 
PIs interacted with both intensity (p < 
:001) and trial blocks (р < .001). 

Further examination of the Trial Blocks 
X PI interaction indicated that trial blocks 
were significant at all PIs, and that PIs 
were significant within all trial blocks (№ 
« .001). 

Comparisons among trial blocks revealed 
that at the shortest interval, slower RTs oc- 


curred during the first trial block with no | 


differences among the last three blocks. 
However, at the longer intervals faster re- 
sponse speeds occurred during the first trial 
block (see Fig. 3). Conversely, within the 
first trial block the shortest interval pro- 
duced the slowest responses; whereas during 
later trial blocks the shortest interval pro- 
duced the fastest responses. 
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Ес. 3. RT curves as a function of PIs across four trial blocks for the 
between-Ss design. 


N 


STIMULUS INTENSITY, PREPARATORY INTERVAL, AND RT 31 


Simple effects analyses of the PI x In- 
tensity interaction showed that PIs yielded 
different median RTs at all but the highest 
intensity (р < .001). The shortest interval 
produced faster responses at intensity values 
of 15, 45, and 60 db. (р < .001). At the 90- 
db. signal no differences were obtained 
among PIs. 


Anticipation responses constituted 1.8% 
of the total responses and were distributed 
equally across treatment conditions. 


DISCUSSION 


The results of this investigation indicate that 
the context within which stimulus intensity 
values are presented has a marked influence on 
the intensity function. Moreover, the slopes of 
the curves describing the interactive effects of 
PI and intensity on RT were, in turn, found to 
be dependent on the type of experimental design 
employed. 

A rational appraisal of the three designs sug- 
gests that they vary along at least three dimen- 
sions, all of which may be implicated in the 
present findings. Specifically, the paradigms 
differ in the degree to which temporal uncer- 
tainty, stimulus uncertainty, and adaptation 
level (AL) are involved. The effects of 
temporal and stimulus uncertainty on RT are 
well documented (e.g., Hyman, 1953; Klemmer, 
1957). Murray and Kohfeld (1965) and 
Kohfeld (1968) recently have demonstrated the 
role of AL within RT-intensity research. 

The within-Ss random design appears to be 
the most complex. According to Helson 
(1964), AL would be near the geometric mean 
of the intensity values when the stimuli are 
presented randomly from trial to trial. In con- 
trast the within-Ss blocked design involves only 
temporal uncertainty and AL. Little or no un- 
certainty should be present regarding which 
stimulus will occur across trials. Precisely 
how AL functions in this paradigm is not clear. 
Tt is likely that AL changes across trial blocks 
of different intensity values. Finally, the 
independent-groups design would appear to be 
the least complex, in terms of the present analy- 
sis. Only temporal uncertainty should con- 
tribute to differential performance at any given 
intensity value, 

Comparatively, the between-Ss design and 
within-Ss blocked stimuli design contain little 
or no objective stimulus intensity uncertainty. 
On this basis, one might predict that the two 
designs would yield essentially the same 
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functions. However, marked differences were 
found. An adaptation or contrast phenomenon 
is implied in these differences. 

The effect of PI on RT is well known for 
both regular and irregular modes of presenta- 
tion (eg. Drazin, 1961; Klemmer, 1956). 
Under the irregular procedure, RT is long at 
short PIs and improves with lengthening of the 
interval. When PIs are presented in a regular 
fashion, response speed is fastest at short inter- 
vals and becomes increasingly slower at longer 
PIs. In the present data, the irregular PI 
function is confirmed for both within-Ss de- 
signs, but only within the first trial block of 
the between-Ss paradigm. At later trial blocks 
the shortest interval produces faster response 
speeds than the longer intervals, a trend more 
characteristic of the regular presentation mode. 
This effect is clearly evident in Fig. 3. These 
results suggest that the PI effect observed 
under the irregular procedure may depend on 
the extent to which S is able to assimilate the 
statistical structure of events and form appro- 
priate response strategies. With practice, S 
appears to learn the statistical characteristics 
of the PI distribution and, as a result, the 
method of presentation becomes functionally 
regular. By successively preparing himself for 
each of the intervals, as he would in the regular 
procedure, S may have performed under highly 
regular contingencies. 

The results of the present investigation are 
essentially in agreement with the findings of 
Grice and Hunter (1964). In addition, a rela- 
tionship has been established between intensity 
and the temporal context within which signals 
are presented. The relationship was upheld for 
both within- and between-Ss designs. Perhaps 
of even more importance was the finding that 
functions describing the effects of certain inde- 
pendent variables differ depending on the type 
of within-Ss design employed. Even though 
the source of variance extracted is identical in 
the two instances, marked contextual differences 
prevent the assumption that different within-Ss 
designs will establish similar laws. 
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EFFECT OF DURATION OF STIMULUS PRESENTATION 


ON THE ANGULAR ACCELERATION THRESHOLD? 


RICHARD L. DOTY? 
San Jose State College 


In order to establish the relationship between the angular acceleration 
threshold and the duration of the stimulus presentation, oculogyral illusion 
thresholds for 10 men were determined on the Ames Man-Carrying Rotation 
Device. Thresholds were determined for stimulus durations of .50, 1.00, 
1.50, 3.00, and 6.00 sec by a random, double-staircase psychophysical 
procedure. Mean oculogyral illusion thresholds ranged from .10°/sec* to 
.62°/sec* and varied inversely with the duration of the stimulus. The product 
of Acceleration X Duration of Stimulus Presentation (а!) was found to be 
a significant increasing linear function of the duration of the stimulation, and 
not constant as earlier data tended to suggest. Differences between the 
ordinal presentation of the duration conditions were found to be nonsignifi- 


cant. The relation of the obtained threshold values and the a! values to 


previous findings is discussed. 


The study is concerned with the effects of 
the duration of angular acceleration on man's 
sensitivity to rotation as evidenced by the 
perception of the oculogyral illusion. The 
data on the effects of stimulus duration on the 
perception of rotation are very limited (de 
Vries, 1949; Mann & Ray, 1956; Meiry, 
1966; Mulder, 1908), and only one study 
has been found which investigated this rela- 
tionship for the oculogyral illusion (Guedry 
& Richmond, 1957). When an O and a 
visual test object are rotated together, the O 
experiences an apparent motion of the test 
object in the direction of an angular accelera- 
tion in the rotation. This illusion has been 
found to be the least variable and most sensi- 
tive of the commonly used indicators of semi- 
circular canal functioning in man (Clark & 
Stewart, 19682; Roggeveen & Nijhoff, 
1956). Although the limited existing data 
Support the notion that there is an inverse 
relationship between stimulus duration and 


t This study was conducted at Ames Research 
Center, Moffett Field, California, under National 
Aeronautics and Space Administration Grant NGR 
05-046-002 to San Jose State College, with Brant 
Clark as principle investigator. The author is 
deeply grateful to Brant Clark and John Stewart, 
technical monitor,. for making this experiment 
possible. 

? Requests for reprints should be sent to Richard 
н Doty, who is now at Michigan State University, 
дан of Psychology, Fast Lansing, Michigan 


the threshold level, there is much less support 
for the widely held principle that at thresh- 
old levels, the product of acceleration (a) 
and time (t) is a constant (de Vries, 1949; 
Guedry & Richmond, 1957; Mann & Ray, 
1956; Meiry, 1966; Mulder, 1908; Parsons, 
1968; van Egmond, Groen, & Jongkees, 
1949, 1952). Sixty years ago, Mulder 
(1908) found data which showed an inverse 
relationship between stimulus duration and 
thresholds for angular acceleration, and 
these data suggested that the product of the 
thresholds for angular acceleration and the 
duration of the angular acceleration (at) is 
a constant, Some recent workers have con- 
sidered this constancy to hold over a limited 
range of short stimulus durations and have 
termed it Mulder’s product (Groen, 1956- 
1957 ; Meiry, 1966; van Egmond et al., 1949, 
1952). The results of such studies, however, 
have been inconsistent and variable and have 
the limitations of (a) using O's reaction 
latency rather than stimulus duration for 
determining Ё, (b) using too few Os, and 
(c) being unable to produce adequate con- 
trol of the stimulus. There are some nega- 
tive data. Гог example, Guedry and Rich- 
mond (1957) were unable to obtain a fit 
between a theoretical curve based on mini- 
mal cupular deflection at threshold Cass 
essentially an af measure) and their ex- 
perimental data. 
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The specific purposes of the present study 
were (a) to investigate the relationship be- 
tween the angular acceleration threshold, as 
measured by the oculogyral illusion, and the 
duration of the stimulus presentation and 
(b) to determine whether the threshold for 
the oculogyral illusion is some constant func- 
tion of Acceleration X Duration of Stim- 
ulus Presentation (at). 


METHOD 


Observers.—Ten men between the ages of 21 and 
33 yr. (M = 24.7 yr.) took part in the experi- 
ment. They were judged to be normal and 
healthy on a general physical examination, which 
included a hearing test and a caloric-nystagmus test 
for vestibular functioning. The mean 10-sec.-dura- 
tion oculogyral illusion threshold determined for 
these 10 Os in a previous experiment using a 
forced-choice, random, double-staircase procedure 
was .14°/sec? (Clark & Stewart?). 

Apparatus—The Ames Man-Carrying Rotation 
Device (MCRD) was used for the presentation of 
the angular accelerations. The MCRD is a one-de- 
gree-of-freedom simulator which rotates virtually 
free of vibration about a vertical axis at velocities 
up to 30'/sec. The accelerations can be pro- 
grammed and measured in .01°/sec? steps at low 
velocities. The O’s responses, accelerations mea- 
sured by on-board accelerometers, and velocity 
data are registered on an ink writing recorder. 
Details of this apparatus have been reported else- 
where (Clark & Stewart, 1968a, 1968b). 

The O sat erect at the center of rotation in a 
special form-fitting chair in the lightproof cockpit 
of the MCRD. The cockpit was ventilated by two 
fans which also served to mask external noises. 
Communication was possible with E by means of a 
voice communication system and signal switches. 
The O's head was held in a fixed position in a 
helmet at the center of rotation, and his body was 
secured by means of a standard aircraft restraining 
harness. 

The target used for the oculogyral illusion was a 
cubical frame of wire 10 cm. on each side, mounted 
at O's eye level, 3 ft. in front of him. Nine forward 
edges of the cube were painted with luminous paint 
which was illuminated by an ultraviolet projection 
of light from a source located behind O. The wire 
sections of the back part of the cube were painted 
black and were not visible to O. This complex 
target object was designed to reduce spontaneous 
reversal effects usually associated with cubes of 
this type, as well as to minimize autokinesis and 
other extraneous illusory phenomena (Clark & 
Stewart, 1968a; Graybiel & Hupp, 1946). 

Procedure—A forced-choice, random, double- 
staircase method „was chosen for the method of 
stimulus presentation because of its ability to give a 


8 Unpublished data sheets. 
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relatively reliable threshold measurement with a 
minimal number of trials. The procedure is essen- 
tially that described by Clark and Stewart (1968b), 
who found it to correlate +.92 with the results of 
angular acceleration thresholds determined by the 
traditional constant method. The O’s task was to 
indicate the perceived direction of the movement of 
the target object by pressing one of the appropriate 
signal buttons located on the arms of his chair. 
The ascending and descending staircases were 
started five or six .1 log unit steps above and below 
the general expected threshold, which was esti- 
mated for each O in practice sessions preceding each 
threshold determination. The practice sessions were 
designed to give O optimal time to familiarize him- 
self with the procedure and to gain experience in 
making these difficult discriminations. Оп these 
practice trials, O was given feedback as to whether 
or not his reported direction of the apparent motion 
of the target was the same as the direction of the 
applied angular acceleration. The direction of the 
acceleration and the order of the presentation of the 
upper and lower staircases were varied randomly 
from trial to trial. A minimum of 30 sec. elapsed 
between the end of one acceleration and the begin- 
ning of the next. As in a study by Clark and 
Stewart (1968a), the staircases were considered 
to have reached a “final level” on the next trial 
after each had reversed direction, following the 
meeting or crossing of the staircases. Thresholds 
were determined as the mean value of the 30 pairs 
of trials following the point where the staircases 
had reached their final level. A total of five thresh- 
old measurements was obtained from each of the 
10 Os, one for each of the following durations of 
stimuli: .50, 1.00, 1.50, 3.00, and 6.00 sec. These 
values were chosen, in part, because they span an 
important part of the total spectrum of duration (t) 
values found by previous investigators to be the 
range of applicability for the at constancy originally 
inferred by Mulder (1908) (e.g., Groen, 1956-1957 ; 
Guedry & Richmond, 1957; Meiry, 1966). А sys- 
tematic incomplete counterbalancing procedure was 
used in ordering the presentation of the five 
series of differing t values to the Os to allow analy- 
sis of the data by means of a 5X5 analysis of 
variance for replicated independent Latin squares 
(Edwards, 1966). A single series of approximately 
32 trials lasted about 30 min. and at least 30 min. 
elapsed between sessions. A 3-min. rest period was 
given each O halfway through each of the sessions- 


RESULTS 


Table 1 presents the mean oculogyral illu- 
sion thresholds along with their respective 
standard deviations for each duration O 
stimulation used in the present study. Also 
presented in Table 1 are the computed ki 
values and their respective standard devia" 
tions and xg values (minimum cupular 
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deflections at threshold) determined from the 
formula of van Egmond et al (1949) : хым, 
= Ka (1— et). 

As evidenced in Fig. 1, the mean threshold 
values are inversely related to the duration 
of the stimulus presentation. A 5 x 5 analy- 
Sis of variance for replicated independent 
Latin squares (Edwards, 1966) found the 
differences between the thresholds for the 
five durations of angular acceleration to be 
highly significant, F (4, 24) = 2044, p< 
001. Differences between Os were not 
significant, F (8, 24) = 177, p > .10, nor 
were differences between the ordinal presen- 
tation of duration conditions, F (4, 24) — 
10, р > 75. A similar analysis of variance 
of the at values (Table 1, Fig. 2) showed a 


TABLE 1 


OcuLocvnar ILLUSION THRESHOLDS, ACCELERATION 
X TIME VALUES, AND min VALUES FOR SIX 
Durations OF ANGULAR ACCLEERATION 


‘min (arbi- 
Threshold in at in degrees/sec P CAES 
2 н 
Sumanus degrees/sec: units) 
in seconds 
M SD M SD M 
-50 .62 31 307 155 .030 
1.00 .38 10 375 099 .036 
1.50 25 .08 .378 121 .035 
3.00 45 .07 .450 .206 .039 
6.00 10 .03 594 173 045 


Note.—xmin = minimum cupular deflection at threshold; 
N = 10 men. 


significant difference between at values across 
durations, F (4, 24) = 6.98, p < .01, as well 
as between Os, F (8, 24) = 3.25, р < .05. 
Figure 2 shows increasing linear trend in at 
values across the durations used in the pres- 
ent study. An orthogonal polynomial trend 
analysis (Edwards, 1966) found this trend 
to be highly significant, F (1, 24) = 26.92, 
$ < 2001. Thus, at values, as measured in 
this experiment using the oculogyral illusion, 
are essentially constantly increasing linear 
functions for durations of stimulation from 
50 to 6.00 sec. As expected theoretically, 
the ша Values (Table 1) also show an in- 
creasing linear relationship to duration values 


which would be essential] llel to the 
at curve (Fig. 2). di 
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Fic. 1. Thresholds for the oculogyral illusion 
as a function of stimulus duration. 


DISCUSSION 


The thresholds of the present study (Table 1) 
are within the general range of thresholds 
found by other investigators for the oculogyral 
illusion (Clark & Stewart, 1968a; Graybiel, 
Kerr, & Bartley, 1948; Hallpike & Hood, 1953; 
Roggeveen & Nijhoff, 1956), although when 
comparative duration values are taken into 
consideration, they are clearly at the lower 
end of the distribution. This is not surprising 
since the present study provided optimal design, 
apparatus, and O conditions for accurate thresh- 
old measurements. 

The findings of an inverse relationship be- 
tween the threshold for the oculogyral illusion 
and the duration of the stimulus presentation 
has some degree of confirmation from threshold 
studies of both the oculogyral illusion (Guedry 
& Richmond, 1957) and the perception of rota- 
tion (de Vries, 1949; Mann & Ray, 1956; 
Meiry, 1966; Mulder, 1908). However, the 
present study presents data based on a large 
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Fie. 2, Acceleration X Time (at) values as a 
function of stimulus duration. 
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number of trials from a comparatively large 
number of Os, uses discretely controlled dura- 
tion values for the ¢ determination rather than 
reaction latencies, and makes use of comparative 
data both within and between Os to investigate 
the specific effect of duration on the threshold 
for the oculogyral illusion. 

Within certain limits, the inverse relation- 
ship between a sensory threshold and the dura- 
tion of the stimulus presentation is a well- 
established phenomenon in psychophysics (e.g., 
the Bunsen-Roscoe law in visual photochemis- 
try). Plausible reasons for this inverse rela- 
tionship in the vestibular modality include: (a) 
Longer duration accelerations, within limits, in- 
crease the theoretical probability that an O 
attends to, and perceives, the correct stimulus 
from a background of "noise"; and (b) small 
angular accelerations require a longer time to 
produce a minimal deflection of the cupula that 
results in a sensation. Apparently not enough 
summation of subthreshold receptor potentials 
takes place for perception until this minimal 
deflection has been reached. 

The finding of no significant differences be- 
tween the ordinal presentations of the duration 
conditions suggests one of the following hypoth- 
eses: (a) Perceptual learning was negligible in 
the present experiment; (b) habituation was 
negligible in the present experiment; (c) the 
effects of perceptual learning were cancelled 
out by the effects of habituation; or (d) both 
а and b are true. The last hypothesis seems 
most probable since the angular accelerations 
were quite small and given for relatively short 
durations. It would be expected, theoretically, 
that the detectable portions of perceptual learn- 
ing occurred during O's initial encounters with 
the stimuli. Since these Os had received much 
experience in previous threshold determinations 
(Clark & Stewart, see Footnote 3), perceptual 
learning was probably asymptotic by the time 
of the present study. The oculogyral illusion 
threshold previously established for these 10 
Os for a 10-sec.-duration stimulus was .14°/sec? 
(Clark & Stewart, see Footnote 3), which is 
higher than the .10°/sec? value obtained in the 
present experiment for the 6-sec. duration. This 
higher 10-sec. threshold may be evidence in 
support of an initial perceptual learning effect 
or practice effect, as these data were not in- 
cluded in the counterbalancing scheme of the 
present experiment. The higher threshold may 
also simply be due to some sort of random 
variation in the threshold determinations since 
Clark and Stewart (1968b) found a 10-sec.- 

duration oculogyral illusion threshold for 10 Os 
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with the same amount of training to be .10°/ 
sec? It appears, then, that the value of the 
threshold becomes asymptotic at about 6.0 sec. 

The at values of the present study (Table 1, 
Fig. 2) are lower than at values reported in or 
computed from a large number of studies, both 
for the oculogyral illusion (Clark & Stewart, 
1968a; Guedry & Richmond, 1957; Hallpike & 
Hood, 1953; Roggeveen & Nijhoff, 1956) and 
the perception of rotation (Clark & Stewart. 
1962; Clark & Stewart, 1968a, 1968b; de Vries, 
1949; Groen & Jongkees, 1948; Mann & Ray, 
1956; Meiry, 1966; Mulder, 1908; van Egmond 
et al, 1949). The extremely low thresholds of 
the present study, as previously discussed, for 
the relatively short durations of stimuli, con- 
tribute to the lowness of the at values. 

If one assumes a constant minimum cupular 
deflection (tmin) at threshold, the increasing 
linear relationship of a£ across the durations 
of the present study (Fig. 2) suggests that some 
continuous diminuation of the threshold values 
takes place as the duration of the stimulation 
increases. On the other hand, the torsion pen- 
dulum model of the semicircular canals would 
predict that the rate of change of at would in- 
crease as the stimulus duration increases, re- 
sulting in a curvilinear relationship. Theoreti- 
cally one might predict that x4, would decrease 
across time since the cupular deflection would 
approach and be near +i, for a longer time as 
the stimulus duration increased. Since the pres- 
ent data (Table 1) do not support this predic- 
tion, a more complex function must be used 
to account for and predict the relationship 
between a and f. This function must take into 
account central and peripheral adaptation fac- 
tors, attention and noise level shifts, and other 
known and theoretical stimulus and O variables. 
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CONSERVATION OF MEANING AS A FACTOR 


IN FORGETTING NEW ASSOCIATIONS * 


ELI SALTZ? Ax» VITO MODIGLIANI 


Center f 


‘or the Study of Cognitive Processes, Wayne State University 


The present study tested the hypothesis that a conservation-of-meaning 
mechanism operates in paired associates to produce forgetting of new 


responses to a concept 1 
of the concept. 
would be reduced i 
of the concept. 
three instances of a concept. 
Significantly less forgetting occurre 
in the onc-instance conditions (p < 03) 


Retenti 


An important characteristic of real words 
is that their meanings must often remain 
relatively invariant across the radically dif- 
ferent contexts in which they may be used. 
Previous studies, such as Saltz and Hamil- 
ton (1968), have shown that the ability to 
conserve meanings across contexts develops 
gradually in children. However, once mean- 
ings have been well established, important 
(i.e., much used) words appear to exhibit a 
conservation-of-meaning mechanism which 
impedes formation of casual new associa- 
tions which might disrupt their meaning. 
This can be seen in a paired-associate study 
by Saltz (1967) which indicated that keep- 
ing the m value of words constant, the more 
frequently a word occurs in the language, the 
more difficult it is to attach new verbal re- 
sponses to that word. The present study was 
designed to test the hypothesis that an 
analogous process operates to conserve the 
meaning of concepts. 

Real words are often instances of more 
inclusive concepts. It is assumed that if one 
such instance of a concept is associated with 
a new response, interference from the previ- 
ously acquired system of intraconcept asso- 
ciations will promote rapid forgetting of the 
new associate. In effect, this position as- 
ѕитеѕ а proactive interference mechanism 
in which the locus of interference is the 


iThe present research was supported by Na- 
tional Science Foundation Grant GB 6584. 

2 Requests for reprints should be sent to Eli 
Saltz, Department of Psychology, Wayne State 
University, Detroit, Michigan 48202. 
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nstance by means of interference from other members 
Based on this hypothesis, it was predicted that forgetting 
{ the new responses were associated to multiple instances 
One hundred and forty Ss learned a response to one or 


on was tested 1 or 7 days later. 


d in the threc-instance conditions than 


concept structure of associates that consti- 
tute the concept. 

From the position outlined above, it was 
hypothesized that the forgetting of a new 
response to a meaningful word should be 
retarded if the new response were embedded 
in the more inclusive concept by associating 
it to a number of different instances of the 
concept. Such embedding should be effective 
because it should lead to a structure in which 
some of the intraconcept associations which 
might otherwise interfere with retention of 
the new response will themselves be stimuli 
to this response. 


To test this hypothesis, Ss learned re- 
sponses to either one or three instances of а 
concept. Retention was tested after 1 day 
or 1 wk. 


METHOD 


Subjects —The Ss were 140 students in introduc- 
tory psychology at Wayne State University. The 
1-day retention conditions involved 60 Ss, 15 as- 
signed randomly to each subgroup. The 7-day 
retention conditions involved 80 Ss, 20 assigned 
randomly to each subgroup. 

Materials —Adjectives were used as stimuli and 
nouns as responses in paired-associate lists. Each 
list consisted of 10 pairs. Stimuli were selected 
in triads of synonyms such that the three synonyms 
in each triad were relatively common words. Care 
was taken to minimize overlap in meaning betwee? 
synonym triads. Тһе word with the highest 
Thorndike-Lorge (1944) frequency was taken from 
each synonym triad, and these constituted the 
stimuli for the first list. Similarly, the seco? 
highest frequency words and lowest frequency 
words from the triads constituted the second 47 
third lists, respectively. Thus, each list contained 
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only one instance of each concept. The synonym 


triads were FAST-QUICK-RAPID, STRONG-POWERFUL- 
POTENT,  HAPPY-CHEERFUL-JOYFUL,  MISTY-HAZY- 
FOGGY,  QUIET-CALM-PEACEFUL,  OLD-ANCIENT-AN- 


TIQUE, LITTLE-SMALL-TINY, WILD-SAVAGE-UNTAMED, 
DAMP-MOIST-HUMID, SHY-TIMID-BASHFUL. The re- 
sponses were cave, lawn, shirt, trunk, glove, frost, 
vine, mirror, pencil, oven. 

Procedure.—Half of the Ss in the control groups 
learned the responses to the stimuli of the high- 
frequency list; half learned them to the stimuli of 
the low-frequency list. In the experimental groups, 
all Ss learned each indicated response to all three 
instances. These Ss were presented all the stimuli 
in a given list before being shown any of the 
stimuli in a different list. A pilot set of Ss indi- 
cated that six trials on the control material brought 
Ss to the same level of performance as eight trials 
on the experimental material. Therefore, control 
Ss were given six trials, experimental Ss eight 
trials prior to the retention test. Pairs were pre- 
sented in a different order on each trial. Half of 
the experimental Ss had List 1 (high-frequency) 
stimuli as the first and eighth trial and also for 
the retention test; Lists 2 and 3 were presented 
three times each between Trials 1 and 8. The 
remaining experimental Ss had List 3 (low- 
frequency) stimuli on the first and eighth reten- 
tion trials, with Lists 1 and 2 presented three 
times each between Trials 1 and 8. The instruc- 
tions to the experimental Ss pointed out that a 
synonym of a stimulus which appeared on a pre- 
vious trial would be associated to the same response 
as that previous stimulus. Items were presented 
at a 2-sec. rate with 8-sec. intertrial interval on a 


Stowe memory drum. { . 
After 24 hr. or 7 days, $s were given a single 
retention test trial in which the stimuli were those 


of their list learning trial. 
RESULTS 


Learning.—Figure 1 shows the learning 
curves for all Ss who learned a single re- 
sponse to three instances of a concept and for 
those who learned a response to a single 
instance. As can be seen, the three-instance 
Ss learned more slowly than the one-instance 
Ss. On Trial 6, the one-instance Ss had a 
mean of 5.20 correct responses. The three- 
instance Ss had a mean of 419. А 2X2 
analysis of variance indicated that this 
difference was significant, F (1, 136) = 
6.42, р < .05. Neither the F for frequency 
пог for the interaction approached signif- 
icance. 

By Trial 8 the three-instance groups 
reached a mean of 4.62 correct responses, 
which was not significantly different from 
the performance of the one-instance groups 
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Fic. 1. Learning curves for one-instance and 
three-instance Ss at each frequency level, 1-day 
and 7-day groups combined (35 Ss per group). 


at Trial 6. For this difference, F (1, 136) 
= 201. Again, the Fs for frequency and for 
the interaction did not approach significance. 
Thus, the amount learned by the last acquisi- 
tion trial was approximately the same for 
the one- and three-instance S. 

It is interesting to note that despite the 
variability of the stimuli presented to the 
three-instance Ss from trial to trial, the 
learning curves for these Ss are extremely 
regular across trials. 

Recall.-—The method for analyzing recall 
described by Underwood (1964) was used 
in the present study. Probability that a 
given response would have been correct had 
an additional learning trial been given were 
calculated for each of the four learning con- 
ditions : three-instance high frequency, three- 
instance low frequency, one-instance high 
frequency, and one-instance low frequency. 
Each condition involved 35 Ss. Drop scores 


TABLE 1 


MEAN RECALL Drop SCORES FOR ONE- AND THREE- 
INSTANCE CONDITIONS AFTER 1- AND 
7-Day RETENTION INTERVALS 


One instance Three instances 


Retention 
interval M 
M N M N 
1 дау | 1.07 30 .60 30 
7 days | 2.80 40 2.05 40 id 


M 2.06 70 1.43 70 
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were then calculated for each S, subtracting 
obtained recall from the estimated degrees 
of original learning. Table 1 summarizes 
the mean drop scores (i.e., amount of forget- 
ting) for 1- and 7-day retention intervals for 
the one- and three-instance conditions. 
These tabled data are collapsed across high- 
and low-frequency conditions since none of 
the main effects or interactions involving 
frequency approached significance. Combin- 
ing the two retention intervals, forgetting 
was significantly less for the three-instance 
condition than the one-instance, F (1, 132) 
= 4.98, p < .03. Combining the one- and 
three-instance conditions, forgetting was sig- 
nificantly less for the 1-day than for the 7-day 
retention interval, F (1, 132) = 30.52, p< 
.001. None of the interactions approached 
significance. 

Note that the absolute size of the drops in 
recall is not great. Compared to the esti- 
mates of immediate recall based on the Un- 
derwood technique, the 1-day S, over all 
conditions, dropped only about 15%, the 
7-day S dropped about 45%. 

An estimate of the percentage reduction 
in forgetting for the three-instance condi- 
tion, compared to the one-instance condition, 
can be calculated from Table 1 using the 
formula C — E/C, where C is the drop for 
the one-instance condition and E is the drop 
for the three-instance condition. The 1-day 
saving is about 44%; the 7-day saving is 
about 2796. In other words, as the reten- 
tion interval increases, it appears that factors 
other than intraconcept interference (e.g., 
retroactive interference) contribute increas- 
ingly to forgetting. However, even at 7 
days the contribution of intraconcept inter- 
ference to forgetting is still relatively size- 
able. 


DISCUSSION 


The present data support the position that 
intraconcept sources of interference contribute 
to forgetting. The present data suggest that 
almost half of the 1-day drop in retention is 
attributable to intraconcept interference ; by 7 
days, about 27% of the drop is attributable to 
intraconcept interference. These estimates of 
the contribution of intraconcept interference to 
forgetting are probably conservative. Had 
greater numbers of instances been employed, 
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the reduction in forgetting might have been 
greater. The present study did not attempt to 
examine the degree of centrality, to the con- 
cepts, of the various instances employed. In- 
stead, choice of instances was largely deter- 
mined by the necessity of preventing intra- 
list and interconcept interference in original 
learning. 

In the present study, original learning over 
the first six trials was significantly poorer for 
the three-instance Ss than for the one-instance 
Ss. This suggests that in learning, the reduc- 
tion in intraconcept interference is not suf- 
ficiently great to offset decrements due to 
stimulus variability. However, it should be 
noted that three trials were required before the 
three-instance Ss saw all the relevant stimuli. 
A recent differential eyelid conditioning study 
by Cerekwicki, Grant, and Porter (1968) 
raises some provocative questions concerning 
acquisition. In this study, one to four instances 
of a concept were used as S+, and a correspond- 
ing number of instances of a different concept 
as S—, the procedure being very similar to that 
of the present study. While the results of the 
study are very complex, the data from Ss who 
gave predominantly V-form CRs is particularly 
interesting. Over the first block of 10 trials, 
the four-instance Ss showed less differential 
conditioning than the one-instance Ss, a finding 
very similar to that of the present study. 
However, by the last three blocks of trials 
(Trials 60-80). differential conditioning was 
an increasing monotonic function of the number 
of concept instances employed. It appears, 
then, that reduction of intraconcept interference 
may prove to be a factor in acquisition as 
well as retention once Ss adjust to the stimu- 
lus variability inherent in the multiinstance 
conditions. 

Clearly, the present study is not unique in 
showing that the entire concept, not just thc 
specific word used in the learning task, is in- 
volved in acquisition. It is well known that а 
response learned to one instance of a concept 
will generalize to other instances of the sane 
concept (e.g. Razran. 1939). Similarly, it is 
known that if an instance of a concept is wel 
learned as a response to a particular stimulus: 
transfer of other instances of the concept to the 
same stimulus is extremely rapid (e.g. Barnes 
& Underwood, 1959), However, the data of 
the present study indicate that such generaliza- 
tion (or transfer) is nowhere near perfect. 
While differences in learning rates for one and 
three instances was not great, a significant dif- 
ference did occur. Similarly, if the response 
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learned to one instance of a concept generalized 
greatly to all other instances, no difference in 
retention should have occurred between the 
опе- vs. three-instance conditions. 

Finally, the present data are consistent with 
other recent studies (e.g., Underwood, 1967) 
in failing to find a relationship between word 
frequency and retention. On the other hand, 
none of these studies have controlled for m 
while varying frequency. This could be a crit- 
ical consideration since Saltz (1957) showed 
that stimulus frequency is an important variable 
in learning, but its effects can be obscured if 
m is uncontrolled. Insufficient normative data 
were available on the m value for the synonyms 
used in the present study, and so no attempt 
was made to control for m. Consequently, fre- 
quency failed to emerge as a significant vari- 
able, even in the acquisition phase. It must be 
concluded that the role of frequency in retention 
is yet to be adequately explored. 
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MEMORY FOR SEMANTIC FEATURES IN THE VERB* 


HERBERT H. CLARK? anp RICHARD A. STAFFORD 


Carnegie-Mellon University 


It was proposed that the verb is stored in long-term memory as a set of 
semantic features. Fifty-six Ss were asked to recall sentences which con- 
tained one of eight verb forms. The verbs were either past or present, 
either progressive or nonprogressive, and either perfect or nonperfect. In 
recall, verbs underwent semantic simplification. Perfect verbs were often 
recalled as nonperfect, and progressive as nonprogressive; however, present 
perfect verbs were often recalled as simple past, and present perfect pro- 
gressive as past progressive. Each change entails the loss of one semantic 
feature, ie. a simplification in the interpretation of the verb. The net 
result was a bias toward recalling past, nonperfect, and nonprogressive verbs. 
The errors in memory, it was argued, can be accounted for either by a 
theory of semantic memory or by a theory of syntactic memory with a basic 


reformulation of the verb's syntactic rules. 


A premise of most theories of memory is 
that people forget part of what they have 
experienced. When this premise is applied 
to remembering sentences, the question be- 
comes what parts are forgotten? One pro- 
posal has been that a sentence is decom- 
posed into words for long-term memory. 
But this proposal is clearly false. People do 
not selectively lose single words like been 
in the sentence, “The boy has been watching 
the movie." If they did, they would recall 
this sentence as "The boy has watching the 
movie," a very improbable response indeed. 
In the present paper, the authors argue, with 
evidence from the English verb, that the de- 
composed parts of a sentence in memory are, 
on the contrary, quite abstract and far re- 
moved from the realized sentence itself. 
"Remembering a sentence" is then viewed 
as reconstructing a sentence from abstract 
entities that have been retained. 

One hypothesis is that sentences are de- 
composed into syntactic units (Mehler, 1963; 
Miller, 1962; Savin & Perchonock, 1965). 
A passive sentence is remembered as its 
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underlying functional  relations—subject, 
verb, and object—plus a syntactic marker 
specifying passive voice. Since the passive 
marker is easily lost, the recalled sentence is 
often in the simpler active form. 

The syntax of the verb has been specified 
by Chomsky (1965) in the following series 
of rules: 


Verb — Aux + Main Verb 

Aux — Tense (Perfective) (Progressive) 
Tense — Present, Past 

Perfective — have + en 

Progressive — be 4- ing 


This is to say, the verb can be decomposed 
into an auxiliary (Aux) and a main verb, 
(e.g. "watch"). Aux, in turn, consists of 
an obligatory tense marking—either present 
or past—and two optional aspectual mark- 
ings—perfective and progressive aspects. 
When present tense and perfective aspect 
are chosen with "watch," the resulting verb 
(after some minor transformations) is “has 
watched"; add to these the progressive as- 
pects and the result is “has been watching.” 
(There is also an optional Modal in Chom- 
sky’s Aux rule—to allow may, can, will an 
others to occur—but it will be of no concern 
in the present study.) r 

If verbs were decomposed into syntactt 
entities for memory, forgetting should fol- 
low simplifications of the Aux rule. More 
complex verbs—ones with progressiv 
perfective aspects specified or both—sh 
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simplify to verbs without those aspects, and 
simple verbs should remain simple. Pro- 
gressive and perfective aspects should be 
lost relatively independently. If there is any 
tense simplification, it should be toward 
present tense, for the present tense is the 
syntactically unmarked or simpler form in 
English: note that “watched” (past tense) 
has an added morphological marking over 
"watch" (present tense) (see Greenberg, 
1966). So the most frequent error in recall 
should involve one change—of tense or as- 
pect. Errors involving two changes should 
Occur less often than errors involving either 
of the two changes separately. These, spe- 
cifically, are the predictions a syntactic 
theory of memory would make. 

Certain evidence, however, seems to show 
that syntactic entities are not themselves re- 
membered, but that they specify more ab- 
stract semantic features that are remembered. 
Fillenbaum (1966) found that syntactically 
different sentences were often confused in 
memory because of their similar semantic 
“readings.” Not closed was mistakenly rec- 
ognized as open more often than as the syn- 
tactically more related closed. Sachs (1967), 
Bregman and Strasberg (1968), Clark and 
Clark (1968), Clark and Card ( 1968), and 
Fillenbaum (1968) have also found senten- 
tial memory which was better described se- 
mantically than syntactically. In a theory 
proposed by Clark and Clark (1968), a 
sentence is remembered as semantic features 
which can be simple or unmarked in form, 
or complex or marked. Memory loss tends 
to cause errors to go towards the semanti- 
cally simpler or unmarked forms. 

To apply this theory to the verb, one 
must spell out its semantic features (adapted 
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from Joos, 1964; Palmer, 1965). They are 
shown in Table 1 opposite the eight verb 
types which can be formed from the Aux rule 
and are meant to be only approximate specifi- 
cations. These semantic features indicate that 
verbs with progressive aspect, 3, 4, 7, and 8, 
all restrict the action of the verb to “limited 
duration.” Perfect verbs, 5, 6, 7, and 8, 
describe the action as “past time,” but “com- 
pleted by the present or past time,” depend- 
ing on the tense of the verb. Perfective as- 
pect is particularly important as a secondary 
tense system. “Най watched" indicates an 
action happening before the time implied in 
“watched,” and “has watched” before the 
time implied in “watches.” The present 
“has watched” is therefore semantically close 
to the past “watched,” and “has been watch- 
ing" to “was watching.” In both pairs, the 
only difference between the two is that the 
meaning of “completed by the present time” 
is present in the first and absent in the sec- 
ond. 

The semantic features of the verb are best 
described as restrictions on the interpreta- 
tion of the verb, for they narrow the mean- 
ing of the described action. The simple past 
verb “watched” specifies only that the 
action happened in the past. That action 
might have been “of limited duration” or it 
might not; it might have been “completed 
by the past time” or it might not. But when 
the progressive or perfective aspect is pres- 
ent, the action is restricted appropriately. 
An action of limited duration can therefore 
be described by either a progressive or a 
nonprogressive verb. Only when it is de- 
scribed by a progressive verb is the action 
unambiguously of limited duration. Each 
aspectual restriction, then, adds complexity 


TABLE 1 
Егснт FORMS OF THE VERB AND THEIR SEMANTIC FEATURES 


Form of the verb Description 


___ ——— 


watch 

. watched 

. is watching 

. was watching 

. has watched 

. had watched 

. has been watching 
. had been watching 


simple present 

simple past " 

present progressive 

past progressive 

present perfect 

past perfect А 
Present perfect progressive 
Past perfect progressive 


со газ Суол оого 


Semantic features 


present time 

past time 

present time, limited duration 

past time, limited duration 

completed by present, past time 

completed by past, past time 

completed by present, past time, limited duration 
completed by past, past time, limited duration 
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to the interpretation of the verb: with any 
semantic feature specified, interpretation be- 
comes more restricted, less general. 

Tf one takes these semantic features as ade- 
quate, one can predict how verbs will be 
forgotten. Verbs should simplify semanti- 
cally by losing their restrictions. Progres- 
sive should be recalled as nonprogressive 
and perfective as nonperfective. These co- 
incide with the syntactic predictions. But 
present perfect verbs should also simplify to 
simple past, and present perfect progressive 
to past progressive. This pair of predictions 
does not coincide with those based on syn- 
tax, for the simple semantic change from 
present perfect to simple past entails two 
syntactic alterations—tense changes from 
present to past (in the complex direction) 


and perfect changes to nonperfect. So the 
latter predictions are semantic. 
METHOD 
Sentences—The 72 basic sentences used in the 


experiment were chosen randomly from a large 
number of simple transitive sentences composed for 
Clark (1965) by other Ss. They were all of the 
form, "The mother fed the infant," and all differ- 
ent. For memorization, S's were presented such sen- 
tences in the following form: "The mother. She 
had been feeding the infant" For recall, they 
saw only the noun cue, "The mother," for which 
they were required to recall the appropriate sen- 
tence. 

In this experiment, eight forms of each of the 
verbs in the 72 basic sentences were used. These 
eight forms differed in tense and in perfective and 
progressive aspects; they were either present or 
past, nonperfect or perfect, and nonprogressive or 
progressive. A total of 8 Х 72 or 576 verb-form- 
by-sentence combinations were constructed from the 
72 basic sentences. 

Procedure.—Fifty-six Ss, all introductory psy- 
chology students at Carnegie-Mellon University 
fulfilling a course requirement, were run in groups 
of approximately 14 in sessions lasting about 45 
min. each. One S had to be eliminated for failure 
to follow instructions properly, and another S was 
run in his place. 

Each S was given two decks of IBM cards, one 
called the "study deck" and the other called the 
“recall deck." The study decks included 72 cards, 
each with a noun cue and sentence printed on it. 
The recall decks contained 72 cards printed with 
only the cues for each sentence; the recall cues 
were placed in the same order as the cues in the 
study deck. The Ss were to write the recalled 
sentence to the right of the cue. In both decks the 
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72 study or recall cards were separated by divider 
cards into nine blocks of 8 cards each. 

On an oral signal, Ss turned over a blank card 
and studied the first sentence. Every 5 sec. there 
was another signal for Ss to turn to and study the 
next sentence; this went on until they had studied 
the first eight sentences. The Ss immediately 
went to their recall decks, found on top the cue 
corresponding to the first sentence in the block 
they had just studied, and attempted to recall the 
sentence corresponding to the cue. When Ss were 
satisfied they had recalled as much as possible of 
the sentence, they went on to the next cue, and so 
on. Each S worked through his eight recall cues 
individually, taking as much time as he needed, but 
he was never allowed to go back to a recall cue 
once he had left it. After all Ss had finished re- 
calling that block of eight, they returned to their 
study decks and the entire procedure was repeated 
until the Ss had gone through all nine blocks of 
eight sentences each. 

The instructions stressed that Ss should try to 
recall each sentence verbatim. But, if they could 
not remember all of a sentence, they were to write 
down as much of it as possible. 

Experimental design.—The presentation of the 
sentences was carefully counterbalanced in order to 
free the data from all important position and se- 
quence effects. The goals were twofold: (a) For 
any one S, each verb form was to occur exactly 
once in each block of eight sentences, but in a dif- 
ferent position in every block; and (b) different 
Ss were to memorize each basic sentence with each 
of the different verb forms. For these purposes, 
the 56 Ss were divided into eight groups of 7 each, 
each group receiving a different study deck and 
the corresponding recall deck. The ordering of 
the 72 basic sentences was the same for all Ss. 
Within each study deck, there were nine blocks 
and eight positions within each block; the last 
eight blocks and the eight positions within each 
block were made to form a Latin square with the 
eight possible verb forms. The eight verb forms 
of the first block—which was considered practice 
and later discarded—followed the ordering of the 
ninth block in each deck. Furthermore, within 
each block there were eight basic sentences give” 
to eight groups of Ss; the basic sentences and the 
eight groups were made to form a Latin square 
with the eight possible verb forms. The forme" 
Latin square was chosen at random from the possi" 
ble Latin squares of Size 8. The Ss, of course 
were told nothing of these constraints. In all, 
Ss attempted to recall 64 nonpractice sentences 
producing 3,584 pieces of data. 


RESULTS 


The principal results will be derived fro™ 
Table 2, a matrix of errors made in recat” 
At the head of each column is the verb for? 
presented to Ss, and at the head of each row 
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TABLE 2 
МАТЕ1Х OF ERRORS AMONG VERB FORMS 


Form presented 
Form recalled L—— — Totals 
1 2: 3. 4 5 6. 7 8. 

l. watch 145 32 26 22 20 20 16 15 296 
2. watched 85 189 42 48 89 91 31 29 604 
3. is watching 18 12 94 48 23 15 38 31 279 
4. was watching 42 24 91 104 25 23 66 69 444 
5. has watched 23 37 22 23 80 58 30 16 239 
6. had watched 21 33 26 19 81 108 28 27 343 
7. has been watching 5 5 12 20 8 10 70 40 170 
8. had been watching 3 4 15 16 8 12 44 77 179 
Totals 342 336 328 300 334 337 323 304 2,604 


15 the verb form recalled. The only re- 
Sponses tallied in this matrix were those 
which contained the correct main verb (verb 
stem) opposite the appropriate noun cue; 
4% of the sentences tallied had incorrect 
Objects, though most of the objects were 
Synonymous with those of the presented sen- 
tences, The form of the matrix changed very 
little when synonymous verbs were also 
tallied. 

In this analysis of errors, the most im- 
Portant result is that the verbs were sys- 
tematically simplified in form. But to dem- 
Onstrate this simplification, two other results 
must first be examined: (a) the response 
bias and (b) verbatim recall. 

There were large response biases: though 
presented equally often, each verb form did 
not appear equally often in the responses. 
This is seen in Table 2 in the eight row 
totals, which differed significantly by Fried- 
man’s two-way analysis of variance, у? (5) 
= 55.74, p < .001. The response bias can 
be factored into three separate biases: one 
toward past rather than present tense verbs 
(р < .025, by sign test); one toward non- 
perfect rather than perfect verbs (Р < -001) ; 
and Опе toward nonprogressive rather than 
progressive verbs (р < 001). Overall, the 
ыа жып (2) appeared most often, 
fter. nt perfect progressive (7), least 
These digh aL К the matrix in Table 2. 
the response ce (ther completely parallel 
tense was recalled A мАн D d 

etter than present, F (1, 


385) = 7.75, p < .01; nonperfect verbs were 
recalled better than perfect verbs, F (1, 385) 
= 37.99, p < .001; and nonprogressive verbs 
were recalled better than progressive verbs, 
Е (1, 385) = 30.67, р < .001. There was 
also a significant Perfect X Progressive 
Verbs interaction, F (1, 385) = 8.84, p< 
01. All this is to say, the causes of ver- 
batim recall and of response bias ought to be 
closely related. 

It will be argued, with the following data, 
that differences in verbatim recall and in 
response bias are the result of the loss of 
semantic features in memory. Consider the 
matrix in Table 3, which is simply Table 2 
collapsed so that only two presentation and 
response categories remain—nonprogressive 
and progressive verbs. If one assumes that 
progressive verbs are remembered as non- 
progressive plus an additional semantic fea- 
ture, then Ss will respond with the non- 
progressive form when that feature is lost. 
The reverse cannot happen except by random 
guessing since features can only be lost. 
By this reasoning, the authors expected the 


TABLE 3 


MATRIX OF ERRORS BETWEEN PROGRESSIVE 
AND NONPROGRESSIVE VERBS 


Form presented 


Form recalled Totals 
Nonpro- Progres- 
gressive sive 
Nonprogressive 1,112 420 1,532 
Progressive 237 835 1,072 
"Totals 1,349 1,255 2,604 
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TABLE 4 TABLE 5 
MATRIX OF ERRORS BETWEEN PERFECT MATRIX OF ERRORS BETWEEN PRESENT 
AND NONPERFECT VERBS AND Past TENSE VERBS 
Е Form presented Form presented 
Form recalled || ————— ——,— ————-| Totals Form recalled Totals 
Nonperfect Perfect Present Past tense 
Nonperfect 1,022 601 1,623 
2 697 981 Present tense 630 404 1,034 
Pertect 28 Past tense 697 873 1,570 
а 1,298 2,604 
Totals 1,308 Totals 1327 | 1277 | 2,604 


progressive to nonprogressive errors to be 
greater than the nonprogressive to progres- 
sive errors. The data support this interpre- 
tation since there are 420 of the former er- 
rors and only 237 of the latter. 

By the preceding analysis, an S should be 
incorrect more often when he claims a verb 
is nonprogressive than when he claims it is 
progressive. The reason is that the loss of 
the feature “limited duration" for a progres- 
sive verb causes 5 to give an incorrect non- 
progressive verb as a response. But the ad- 
dition of the same feature to a nonprogres- 
sive verb, causing S to give an incorrect 
progressive verb, is rare. As expected, the 
probability of being incorrect on progressive 
aspect was .27 when he claimed the verb 
was nonprogressive and .22 when he claimed 
it was progressive (difference significant by 
a sign test at p < .005). 

Similarly, Table 4 shows a collapsed 
matrix for nonperfect and perfect verb forms. 
The errors toward the nonperfect again over- 
whelmed the errors toward the perfect by 
601 to 284. The probability of an error in 
perfective aspect was .37 when the response 


was a nonperfect verb and .29 when the re- 
sponse was a perfect verb (difference sig- 
nificant by a sign test at р < .005). 

Table 5 gives the collapsed matrix for 
present and past tense verbs. The errors 
toward past tense numbered 697, and those 
toward present tense, 404. The probability 
of an error in tense was .44 when the re- 
sponse was a past tense verb and .39 when 
it was a present tense verb (difference sig- 
nificant by a sign test at р < .05). 

Overall, recalled verbs were changed in 
tense 42% of the time, in perfective aspect 


34% of the time, and in progressive aspect , 


25% of the time. Specific changes, how- 
ever, are more visible in a matrix with re- 
sponse bias eliminated. Table 6 contains 
such a matrix. In it all rows were made {0 
add to 1,000 by multiplying each row of Ta- 
ble 2 by the appropriate constant. 

This matrix indicates that in accordance 
with predictions based on syntactic simpli- 
fications, a verb form is most often recalle 


as itself, next most often as a verb differing | 


only in tense, then as a verb differing m 
perfective aspect, then as a verb differing 1? 


TABLE 6 
NORMALIZED Matrix or ERRORS AMONG VERB FORMS 


Form presented 


Form recalled Totals 
1 5. $ 4 5 6. 7. 8 

ath 490 | 108 88 74 68 68 54 si | 1,00! 
v d Mi | 313 | 70 | 79 | nj | ast | $i | ав | 1009 
3. is watching 65 43 337 172 82 54 136 111 1.000 
4. was watching 95 54 204 234 56 52 149 155 901 
5. has watched 80 | 128 76 80 | 277 | 201 104 55 | 1000 
б. had watched — 61 96 76 55 | 236 | 315 82 79 | 1000 
7. has been watching | 29 29 71 | 118 47 59 | 412 | 235 | 1000 

8 had been watching | 17 22 84 89 45 67 | 246 | 430 | 
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Progressive aspect, and so on. There are 
several major exceptions to this characteri- 
zation. Verb Forms 2 and 4 are recalled as 
5 and 7, respectively, more often than they 
should be, and vice versa. By syntactic 
theory, Verb Form 5 should go to 1— 
a difference of perfective aspect only—more 
often than it should go to 2—a difference of 
both tense and perfective aspect. Yet it does 
not. In the absolute number of errors (Ta- 
ble 2), Verb Form 5 is recalled as 2 more 
often even than as itself, and 7 is recalled as 
4 just slightly less often than as itself. With 
Only Forms 2, 4, 5, and 7 under considera- 
tion, there were 211 errors toward 2 and 4, 
as compared with 85 errors toward 5 and 7. 
The probability that the verb should have 
been 5 or 7 when S claimed it was 2 or 4 
was .37, and the probability for the reverse 
Situation was .31 (difference significant by 
Sign test at р < .005). These exceptional 
changes transform “has watched” to 
“watched” and “has been watching” to “was 
watching.” This can occur by the loss of a 
single semantic feature (“completed by the 
Present time”) from the first of each pair. 

A final result of interest is the recall of 
the main verb or verb stem. This recall is 
shown as column totals of Table 2, which 
differ only slightly, F (7, 385) = 255, р < 
025. The probabilities of recall varied only 
from .67 to .71 depending on the presented 
verb form. Only progressive aspect signifi- 
cantly affected the recall of the main verb, 
with recall for nonprogressive verbs better 
than recall for progressive, F (1, 55) = 
846, p < .01. 

After each experimental session, Ss were 
asked to complete a questionnaire whose 
main purpose was to uncover memorizing 
Strategies. In the experiment, Ss had been 
allowed only 5 sec. per sentence, à time pre- 
sumably too short to do much more than read 
and comprehend the sentences. This view 
Is strengthened by Ss’ reports. Most claimed 
that they tried to picture the situation de- 
scribed by the sentence or to relate the action 
to some personal experience, A very few 
reported trying to learn the meaning of only 
the main words of the sentence. None re- 
ported memorizing word for word, counting 
words, or using other anomalous strategies. 
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Clearly, the great majority of Ss used a 
“natural” and readily available strategy in 
memorizing, and this fact increases the rele- 
vance of the present theory and results to 
the natural use of language. 

Judgments of verb similarity.—A. second- 
ary experiment was carried out to confirm 
that Ss would judge two verb forms to be 
“similar in meaning” when they are related 
by semantic features. At the top of a mimeo- 
graphed sheet was printed a “standard” 
sentence, such as “The mother had been 
feeding the baby.” Below the standard, in 
random order, were seven other sentences 
that were identical to the standard except 
that each contained a different form of the 
verb. The S's task was to rank order the 
seven sentences as to their similarity in 
meaning to the standard. Sixteen new Ss 
were each given eight sheets in random or- 
der. Each verb form served as a standard 
on one sheet. Half of the Ss judged one 
sentence and its variants, and the other half. 
another sentence and its variants. 

According to the mean rankings, Ss 
judged a verb form to be most similar to the 
standard when it differed from the standard 
only in progressive or perfective aspect. 
Verb Form 3 was judged most similar to 1, 
1 to 3, 2 to 6, and 4 to 8. But there were 
again the four exceptional cases. Verb 
Form 5 was judged most similar to 2, and 
2 to 5; Verb Form 7—tied with 8—was 
judged most similar to 4, and 4 to 7. These 
Ss, then, judged “has watched” and 
"watched," and “has been watching" and 
"was watching," to be highly similar in 
meaning. These judgments coincide with 
the misrecalling of the same verbs by the 
other 56 Ss and with the interpretation that 
the feature "completed by the present time" 
is easily lost. 


Discussion 


The present results support either of two 
interpretations. (a) The verb is remembered 
as a combination of semantic features, not as 
the syntactic features specified in Chomsky’s 
Aux rule. Or (b) Chomsky’s Aux rule is an 
incorrect specification of the syntax of the verb, 
so that it is indeterminate whether the verb is 
remembered as syntactic or as semantic fea- 
tures. The arguments for the former interpre- 
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tation will be presented first. They rely on two 
kinds of data: specific errors and response 
biases in recall. 

There was evidence for semantic simplifica- 
tion in specific errors. Progressive verbs, 
stored in memory as actions “with limited 
duration,” easily lost this restriction on the 
interpretation of the action. The resulting un- 
restricted actions were best described by non- 
progressive verbs. Perfect verbs were stored 
in memory as actions in “past time” but “com- 
pleted by the present (or past) time.” It also 
was easy to lose these restrictions on the ac- 
tions, and that loss meant that the actions were 
best described by nonperfect verbs. Perfect and 
progressive verbs, then, were often changed 
into simpler verb forms. 

These simplifications might also be explained 
by the view that the Ss remember the features 
of Chomsky’s Aux rule. But this view is 
contradicted in the specific errors of present 
perfect and present perfect progressive verbs. 
“Has been watching” was often recalled as 
“was watching.” This error involves both a 
change in tense—from present to past—and a 
loss of perfective aspect. Syntactic theory 
would predict that the loss of perfective aspect 
should be more frequent without change of 
tense than with it. The results showed just 
the opposite. Semantic theory, on the other 
hand, provides a natural explanation of this 
phenomenon. In misrecalling “has been watch- 
ing” as “was watching,” S was making an 
interpretive simplification by dropping the 

restriction “completed by the present time,” but 
leaving the restrictions “past time" and “of 
limited duration" intact. The result was best 
realized as a past progressive verb. The 
identical simplification occurs in the misrecall 
of "has watched" as "watched." 

A second result which is unexpected from 
a syntactic view of memory is that Ss preferred 
to give past tense over present tense verbs. 
In English, past tense verbs are, syntactically, 
present tense verbs with an added morphologi- 
cal marker—usually an "ed" tacked on at the 
end—and are therefore the more complex form. 
Yet the response bias was toward past tense 
throughout the data. 

This and the other response biases can be 
accounted for by simplification of semantic fea- 
tures. Nonperfect and nonprogressive verbs 
appear as responses so often because the 
actions they describe are not restricted semanti- 
cally by the features “completed by present (or 
past) time” and “with limited duration,” re- 
spectively. These restrictions are lost from 
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memory between the time the verb is compre- 
hended and the time it is recalled, and the result 
is an apparent bias toward the semantically 
simpler forms. 

The bias toward past tense is simplification 
too, but only indirectly. Of the eight verb 
forms, all but two have features specifying past 
time, and those two are the simple present and 
present progressive. The present perfect and 
present perfect progressive simplify to the 
simple past and past progressive, respectively, 
because of their “past time” features. These 
changes subtract from the bias of the former 
two and add to the bias of the latter two; i.e. 
they create a bias toward the past tense. Other 
past tense verbs, meanwhile, remain past tense 
when simplified. The net effect is a past tense 
bias. 

The bias toward past tense, however, has 
another reasonable semantic cause: the passage 
of time in the experiment itself. An 5 was 
first required to study a sentence such as “The 
cowboy is branding the cattle." By the time 
he recalled it, the time of action, which had 
been in the present time, was now in the past, 
so the action naturally required a past tense 
verb—''The cowboy was branding the cattle.” 
The passage of time would cause the features 
"present time" and "completed by the present" 
to be changed to "past time" and "completed 
by the past" in memory, and'the verbs recalled 
would reflect this change. 

The importance of the passage of time is 
further seen in the restricted use of the simple 
present verb in English. Except in rare con- 
texts, it is used to describe repetitive actions 
(^He watches the ball game every day") and 
to state universal claims (“Carnivores eat 
meat," which is equivalent to the purely attrib- 
utive sentence, “Carnivores are meat eaters”); 
it is rarely used to describe single actions (“He 
watches the ball game now"). The reason for 
all this, one might suppose, is that the time 
interval called “present” is difficult to pin down- 
People usually describe present time with 
present progressive verbs (“He is watching 
the ball game now") ; this necessarily restricts 
the action to be "of limited duration." But 
they describe past events with simple past verbs 
(“He watched the game yesterday"), for which 
no restrictions аге made. This curious asy?!" 
metry points to the fact that actions occurring 
in the past can be described with fewer inter- 
pretive restrictions than actions occurring !? 
the present. The restrictive present time 18 
fleeting and, by simple passage of time, quic y 
becomes past. 


REMEMBERING THE VERB 


| Semantic simplification can also account for 
the verb preference of novelists. Svartvik 
(1966), in an examination of verbs used in 
two novels, counted the occurrences of various 
verb forms. He found past tense preferred 
over present tense, nonprogressive verbs over 
progressive verbs, and nonperfect verbs over 
perfect verbs. The novelist’s choice of verbs 
is therefore a reflection of semantic simplicity: 
he is more apt to describe an action with a verb 
that makes fewer restrictions. The argument, 
however, has often been made for the reverse— 
that frequency of use “explains” response bias 
in memory experiments. Ultimately, however, 
there must also be a cause for the differences 
in usage, and the theory of semantic features 
provides a natural explanation. Furthermore, 
Svartvik found perfect verbs preferred over 
progressive 106 to 46, whereas the present 
authors found the reverse with a ratio of 723 
to 632. Frequency of use does not predict this 
response bias as it should if it were the "cause" 
of response bias. Notions of semantic simplic- 
ity, then, explain the novelist's choice of verbs 
as well as the memorizer's. 

Verbatim recall of a complete verb was af- 
fected mainly by its semantic simplicity. If it 
was complex it was poorly recalled, for it was 
often simplified. If it was already simple, it 
had nothing to simplify to, so it was well re- 
called. This, of course, explains why verbatim 
recall and response bias are so closely related. 

The second possible interpretation. of the 
results is that Chomsky's Aux rule gives an 
incorrect specification of the syntax of the verb. 
It is possible that the verb could be described 
by a set of rules which are in a one-to-one 
correspondence with the semantic features dis- 
cussed previously. If this were so, simplifica- 
tions of the syntactic rules and of the semantic 
features would give the identical results. The 
Ss could have been remembering either the syn- 
tactic information implicit in the verb forma- 
tion rules or the semantic information corre- 
lated with those rules. 

There is an alternative formulation of the 
verb rules which does appear to predict much 
of the present results, That formulation was 
recently proposed by Bach (1967) and is 
closely related to some suggestions made by 
Ross (1967). Briefly, Bach states that the 
йен verb really derives from а sentence 
embedded within a sentence: the embedded sen- 
tence always has past tense marked in its verb. 
Thus, “He has eaten the dinner" comes ulti- 
mately from "he Present (he Past eat the 
dinner)," and "He had eaten the dinner" from 
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“he Past (he Past eat the dinner." The have 
in these sentences is a dummy verb inserted in 
the embedding sentence by later rules. So "he 
Present (he Past eat the dinner)" might be 
glossed approximately as "He has the property 
that he ate the dinner." The progressive verb, 
similarly, is the result of a present tense verb 
in the embedded sentence. "He was eating the 
dinner" is derived ultimately from "he Past 
(he Present eat the dinner)." Again, the be 
in this sentence is a dummy verb inserted later. 
The perfect progressive verb, of course, derives 
from the appropriate doubly embedded sentence. 
Linguistically, this formulation has much to 
recommend it. 

Bach's alternative to Chomsky's Aux rules 
works splendidly in predicting some of the 
present results, but fails at one crucial point. 
First of all, it succeeds, where the Aux rule 
fails, in predicting that present perfect verbs 
should simplify to simple past since, according 
to Bach, the underlying form of the latter is em- 
bedded within that of the former. It also suc- 
ceeds in predicting, for tle same reason, that 
present perfect progressive verbs should sim- 
plify to past progressive. But there is still the 
bias towards past tense to be accounted for. 
There is nothing in the simplification of Bach's 
rules which predicts this bias. For example, his 
rules lead to the prediction that progressive 
verbs should simplify most often to simple pres- 
ent tense verbs. But they do not—they simplify 
most often to simple past tense verbs. 

Passage of time in the experiment itself, it 
was argued above, supplies a reasonable ac- 
count of the past tense bias. If this explanation 
is correct, Bach's rules should not be expected 
to predict the bias because they do not provide 
for the passage of time. There is little reason 
for the rules to do so, for they are purposely 
devoid of "performance" considerations like this 
one. Time passage is important only in mem- 
ory situations and has no general linguistic 
relevance. The accounting for time passage 
should be a part of a theory of performance, 
not competence (see Chomsky, 1965), insofar 
as this distinction can be made. One must 
assume. instead. that there is a semantic level 
which is more abstract than Bach's rules and 
that passage of time changes features at that 
level. It is the changed semantic features that 
are then realized as some particular verb. 

It is clear, however, that a semantic formula- 
tion is necessary at some level. For example, 
Ss in the present experiment sometimes forgot 
the exact verb stem and substituted for it a syn- 
onymous or, more rarely, an antonymous verb. 
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This kind of error demands a semantic, not a 
syntactic, explanation (cf. Clark & Card, 1968; 
Fillenbaum, 1966, 1968). To be consistent, one 
would want a semantic explanation at other 
levels too. Semantic features, then, would ap- 
pear necessary whether or not they are directly 
realized in syntactic rules. 
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Nine-digit sequences were presented in the visual mode and auditory mode 
for immediate recall under comparable conditions. Three interitem intervals 
of .6 sec., 1.2 sec., and 2.0 sec. were used in each mode, with item duration 
held constant. The number of correct items recalled in the correct order, 
prior to an error or omission, was significantly greater for the presentation 
in the visual mode at the longer interitem intervals of 1.2 and 2.0 sec. This 
superiority of the visual mode over the auditory mode at the slower rates of 
presentation was interpreted as evidence for the presence of a more flexible 
rehearsal strategy in the visual mode. This strategy allows S to rehearse 
earlier items in an acoustic code while storing recent items in the visual 


preperceptual system. 


In the analysis of modality effects in short- 
term memory (STM), recent investigations 
have obtained superior recall for material 
presented in an auditory mode as compared 
to material presented in a visual mode (Mur- 
dock, 1967, 1968). Murdock (1968) has 
suggested that these modality effects reflect 
differences in storage, with traces established 
through visual presentation being less per- 
sistent or less resistent to interference than 
traces established through auditory presenta- 
tion. In this regard, one would expect there- 
fore that faster presentation rates would fa- 
cilitate the retention of information presented 
in the visual mode. However, as Mack- 
worth (1964) has observed, information pre- 
sented visually shows better recall the slower 
the presentation rate, whereas the recall of 
information presented in the auditory mode 
is superior with faster presentation rates. A 
possible means of resolving this paradox is 
via recourse to a notion of a difference be- 
tween visual presentation and auditory 
Presentation in terms of potential rehearsal 
Strategies (Corballis & Loveless, 1967). 
The reasoning behind such a notion is as 
follows, 


The most frequently asserted model of 


1 This experiment was desi nd conducted by 
the first author, under the Pee of the second 
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STM is one which proposes that verbal items 
in STM are held in some form of acoustic 
code. This, it has been argued, is the case 
whether information is presented visually or 
aurally (Adams, 1967). Therefore visual 
information undergoes a transformation 
prior to entry into STM. However, as was 
initially observed by Sperling (1960), visual 
information can be held for several hundred 
milliseconds in a relatively uncategorized 
form prior to this transformation. The sys- 
tem containing such information may be 
referred to as the Visual Preperceptual Sys- 
tem (VPrS) (Turvey, 1966). If rehearsal 
is a reiteration of the acoustic traces, then 
a distinct advantage for visual presentation 
becomes apparent. 

When serial information is presented vis- 
ually, the most recent item or items can be 
held in the VPrS. This allows S to re- 
hearse earlier items, already framed in an 
acoustic code, without confusion from recent 
items. It also suggests that 5 rehearses 
cumulatively under conditions of visual 
presentation (Corballis, 1966). These state- 
ments are buttressed by Turvey’s (1966) ob- 
servation of independence between informa- 
tion in the VPrS and information being 
rehearsed. 

With respect to auditory presentations, 
however, a different picture emerges. Since 
the rehearsal mode is the same as the trace 
storage mode, the possibility of confusion 
between the new item and previously stored 
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items being rehearsed is high. Therefore, 
in this situation, the rehearsal of earlier 
items may be prevented in order to avoid 
confusion with later items. It therefore ap- 
pears that rehearsal is more efficient when 
the presentation is in the visual mode than 
when it is in the auditory mode (see Cor- 
ballis & Loveless, 1967). It also follows 
that visual presentation should be superior 
to auditory presentation when sufficient time 
is allowed (a) for the translation of visual 
information into the acoustic code and (b) 
for rehearsal. In particular, ‘these consid- 
erations suggest that for slow rates of pres- 
entation, errors will appear at an earlier 
point in the serial recall of aurally presented 
items than in the serial recall of visually 
presented items. The present experiment 
was conducted to assess this prediction. 


METHOD 


Subjects—Ninety Ss, males and females 18-22 
yr. old, were randomly selected from the students 
participating in introductory psychology courses 
at the University of Connecticut. 

Materials and apparatus—Six series of nine 
digits each were constructed from a random table 
of numbers with the stipulation that no digit could 
be repeated. The nine-digit series were presented 
in the visual mode and the auditory mode. For 
the visual presentation a 16-mm. Bell and Howell 
projector with a rate of 24 frames per second was 
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used. Three tapes were constructed for each 
series at the three visual presentation rates of .6, 
1.2, and 2.0 sec. (interitem interval). The item 
duration was held constant across all three 
presentation conditions at .2915 sec. 

Each sequence was preceded by a red flash which 
served as a "get ready” signal and was followed 
-5 sec. after offset of the last digit by another red 
flash which cued S to recall the series. All projec- 
tions were on a screen at S’s eye level. 

For the aural presentation a Revere tape re- 
corder was used with a speed of 7.5 in. per second. 
Each digit in a series was recorded on magnetic 
tape for a duration of .3 sec. An oscilloscope was 
used to verify the duration of each item. Leader 
tapes were programmed for the interitem intervals 
of .6, 1.2, and 2.0 sec. The words “get ready” and 
“respond” occurred at the beginning of a sequence 
and .5 sec. after a sequence, respectively. 

Procedure.—Each S was assigned, in order of 
appearance at the laboratory, to one of the six 
conditions with 15 Ss per condition. The condi- 
tions were designated in the following manner: 
Cond. V.6—visual presentation with a .6-sec. inter- 
item interval; Cond. V1.2— visual presentation with 
а 1.2-sec. interitem interval; Cond. V2.0— visual 
Presentation with a 2.0-sec. interitem interval; 
Cond. A.6—auditory presentation with a .6-sec. 
interitem interval; Cond. A1.2—auditory presenta- 
tion with a 12-sec. interitem interval; and Cond. 
A2.0—auditory presentation with a 2.0-sec. inter- 
item interval. 

Each S was informed that the experiment was 
testing his STM ability. He was then told that 
he would be presented with six different digit 
sequences and would be asked to recall each se- 
quence following its termination. Each 5 was 
tested individually, with 10 sec. allotted for recall 
after each sequence. Each S's recall for each 
series was recorded on a tape recorder. In neither 
the visual nor aural conditions did 5 vocalize the 
digits as they were presented. 

Sequences were scored as to the number of cor- 
rect items reported, from the beginning of the list, 
in the correct order, until an error or omission 
occurred. 

The scores across the six series were averaged 
for each 5 and combined with the average scores 
for every other S in the same condition. 


RESULTS AND Discussion 


The total correct scores for visual and 
aural presentation are summarized in Fig. 1- 
An analysis of variance on the data yielde 
a significant modality effect, F (1, 84) = 
7.50, р < .01, and a trend on the Modality 
X Time interaction, F (2, 84) = 274, 05 
< p 2.05. Individual a priori comparison? 
indicated that there were differences b€ 
tween modalities at the 1.2-sec., F (1, 14) 7 


STIMULUS MODALITY AND REHEARSAL STRATEGY IN STM 


5.5, р < .05, and 2.0-sec., F (1, 14) = 7.4, 
p < .01, intervals and no difference at the 
.6-sec, interval. The MS, for the calcula- 
tions was 1.29, 

The data clearly indicate that with slow 
rates of presentation, serial recall breaks 
down sooner under conditions of aural pres- 
entation than under conditions of visual 
presentation. This agrees with the sug- 
gestion that with slow presentation rates in 
the visual mode, S can employ a flexible 
rehearsal strategy which allows him to store 
recent items in the VPrS while rehearsing 
earlier items in the acoustic code (see Tur- 
vey, 1966). This strategy reduces the con- 
fusion between recent and earlier items. In 
contrast, the similarity between the storage 
mode and the rehearsal mode when the in- 
formation is presented aurally hinders the 
rehearsal of earlier items. Therefore in the 
auditory condition, 5 stops rehearsing earlier 
items in order to avoid confusion with recent 
items. 

The unobtained superiority of the auditory 
presentation at the .6-sec. presentation rate 
suggests that this rate was not fast enough to 
eliminate the use of the flexible rehearsal 
strategy in the visual presentation. Previ- 
ous experiments (see Mackworth, 1964) 
indicate that with faster rates, auditory 
presentation should be superior to visual 
presentation. 

An apparent problem with the suggested 
rehearsal model for information presented in 
the visual mode is the crucial role assigned 
to the VPrS. Early investigations of this 
system (Averbach & Coriell, 1961; Sper- 
ling, 1960) indicated that the rate of loss of 
information held in the VPrS was very 
rapid, with most of the information lost by 
about 250-350 msec. If this interval rep- 
resents the life-span of information in the 
VPrs, then given Sperling’s (1967) ob- 
Servation that in memory experiments the 
rate of subvocal rehearsal is probably in the 
region of one item per 300 msec., it would 
rcs dui one earlier item could be 

: » if that, before the most recently 
received item had to be retrieved from the 
VPrS. However, this notion of rapid loss 
of information from the VPrS is based on 
data obtained from experiments involving 
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the presentation of a fairly large number of 
items. There is some reason to believe that 
such rapid loss will not occur when the num- 
ber of items is relatively small. For exam- 
ple, Steffy and Eriksen (1964) observed no 
decrement in the recognition level for a 
single item in the VPrS over intervals way 
in excess of those indicated by Sperling 
(1960) and Averbach and Coriell (1961). 
Furthermore, a study by Clark (1967) in- 
dicated that the length of time for which 
items can be stored in the VPrS is not an 
invariant parameter. Clark studied the re- 
tention of 3 X 5 matrices, composed of ran- 
dom assemblies of circles of three different 
colors, in the Sperling paradigm. When Ss 
were required to recall by rows, e.g., report 
the color of the circle located in each of the 
five positions of the first row, a decrement 
in recall as a function of delay in the post- 
stimulus is obtained. However, when Ss 
were required to recall by category, e.g. 
report the locations of the five red circles, 
the obtained recall level was invariant over 
intervals ranging from 0 to 1,250 msec. The 
Clark experiments suggest that the rate of 
information loss in the VPrS is contingent 
on the retrieval task demanded of S. 

It seems, therefore. that the temporal 
duration of items in the VPrS can be more 
protracted than was initially believed and 
that the suggested rehearsal model for in- 
formation presented in the visual mode is 
most plausible. With this model the con- 
troversy as to whether the recall data ob- 
tained from experiments in which presenta- 
tion rate has been manipulated support de- 
cay theory or interference theory can be re- 
solved. The fact that fast, as opposed to 
slow, rates of auditory presentation give 
superior recall has been taken as support for 
decay theory, whereas the fact that the re- 
verse is true with presentations in the visual 
mode has been interpreted as evidence 
against decay theory (Mackworth, 1964). 
Differences in recall as a function of presen- 
tation rate in the auditory mode may very 
well represent properties germane to the 
memory trace. However, as proposed here, 
differences obtained as a function of presen- 
tation rate in the visual modality do not 
reflect decay or interference processes. 
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These differences are manifestations of vari- 
ations in rehearsal strategy. 
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Two experiments report the performance of 180 congenitally deaf and 180 
hearing Ss who were required to retain sequentially presented series, nine 
items long, composed of either two, three, or four different symbols. Results 
support the claim that memory span for naive Ss consists of only four or 
five items, not the seven or eight obtained with the highly practiced material 
and special scoring method of digit span. This shorter span was found for 
all randomly ordered series, and only the inclusion of certain sequential 
patterns in some series produced a significant increase in retained items 
beyond four or five. As hearing Ss were clearly superior to deaf Ss in 
only a single three-symbol condition, immediate memory models that require 
an auditory-vocal system for the storage of visual sequential information 


are contradicted. 


Following Miller’s (1956) article on the 
“magical number seven,” numerous studies 
have been performed to demonstrate that a 
limit of seven or eight unitary items can be 
exceeded by chunking items together. 
Chunking certainly occurs with trial repe- 
titions, but if stimulus items are novel for 
Ss and items are presented seriatim only 
once, as in immediate memory experiments, 
opportunities for chunking are severely re- 
stricted. Under such circumstances the typi- 
cal result is that when items must be re- 
tained in exact sequential order, an average 
of only four or five items is retained. Digit 
span, both because of previous item fa- 
miliarity and the manner in which it is 
measured, working up to the longest se- 
quence by practice on shorter ones, gives a 
considerable overestimate of the number of 
items an individual typically retains when 
he has no preconceptions to aid him. Miller 
himself states that a list of four or five items 
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is desirable if it is to be remembered with 
certainty, “even lists as short as the names 
of the months are organized into the four 
seasons [Miller, Galanter, & Pribram, 1960, 
p. 132].” Note that four is seven minus 
three. 

Assuming then that four or five items are 
ordinarily remembered in sequence and 
seven or eight items under optimal condi- 
tions such as digit span, it was reasoned that 
within these limits the effective number of 
items available to the immediate memory of 
an individual can be manipulated. The 
present study attempted to manipulate im- 
mediate serial retention by the use of two 
variables: (a) the arrangement of symbols 
into sequential patterns and (b) the compo- 
sition of symbol series of equal length from 
either two, three, or four different symbols. 
It was hypothesized specifically that in- 
creased patterning would increase retained 
svmbols to about seven or eight, while use 
of randomly ordered symbols would tend to 
limit retained symbols to four or five at 
most. It was further hypothesized that in- 
creasing the number of different symbols in 
a series would increase retention difficulty. 

An additional major variable was the 
administration of all conditions to deaf as 
well as hearing Ss, who matched each other 
in age. Recent models of immediate mem- 
ory have suggested that the information in 
visual displays is stored subsequently in an 
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audio-speech system (Neisser, 1967; Sperl- 
ing, 1967). The speech that hearing Ss per- 
form in encoding items is usually carried out 
subvocaliy, but with congenitally deaf indi- 
viduals such a system obviously cannot func- 
tion in the same way as it does for hearing 
individuals. Therefore, whether or not 
deaf Ss perform in the same manner as hear- 
ing Ss in retention of item sequences has im- 
portant theoretical implications. 

For material exhibited in a single presen- 
tation and discrimination learning requiring 
memory, there is evidence that deaf Ss re- 
tain items as well or better than hearing Ss 
(Blanton, 1968; Putnam, Iscoe, & Young, 
1962; Youniss, Feil, & Furth, 1965). But 
in visual span tests, a type of task in which 
a more crucial role can be posited for audi- 
tory-vocal storage, the finding of inferior 
performance on the part of deaf Ss has been 
frequent (Blair, 1957; Blanton, 1968). 
Olsson and Furth (1966) found a mixed 
result in that deaf Ss were inferior to hear- 
ing Ss with digit span performance but not 
with a sequence composed of nonsense forms. 
For these authors this finding suggests that 
superiority for digit span on the part of 
hearing Ss was due to the fact that they had 
a great deal more everyday practice with 
number sequences than deaf Ss had. The 
present study chose a procedure where, in 
distinction from nonsense forms, labeling was 
easy. However, the symbols used—plus, 
minus, circle, square—were unlikely to have 
been previously rehearsed as a sequence as 
is the case for digit span. 

The first experiment administered both 
sequentially patterned and unpatterned two- 
symbol series to deaf and hearing children 
over an 8-yr. age range. It was hypothesized 
that deaf children would be inferior to hear- 
ing children with patterned series but not 
with the more randomly ordered unpatterned 
series. Deaf children receive considerable 
drill on rote memory in school but very little 
practice in encoding novel material economi- 
cally. In contrast, hearing children by ex- 
ercising their language skills have much 
more practice in retaining items in terms of 
organized patterns. The second experiment 
administered patterned and  unpatterned 
three- and four-symbol series to deaf and 
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hearing children, all of whom were at the 
chronological age (CA) of 15. Fulfillment 
of the prediction of similar results for un- 
patterned series with deaf and hearing 
children in both experiments would not in- 
dicate that audio-speech coding cannot be a 
frequent and efficient method of dealing with 
visual information. It would, however, pro- 
vide good evidence that an auditory-vocal 
system, in any literal sense, is not crucial for 
retention of sequentially presented items. 


EXPERIMENT I 


This experiment administered series com- 
posed of only two different symbols to deaf 
and hearing children at each 2-yr. age in- 
terval from CA 7 to 15. Two unpatterned 
and three patterned series of nine symbols 
constituted the five two-symbol series per- 
formed by each S. In the patterned series. 
three permutations of the same basic pat- 
tern were administered so that the main dif- 
ference among patterned series was in the 
location of the single run of three symbols 
occurring in each series. 

An important consideration in this and the 
two following experiments is the relatively 
long exposure time for each symbol. Apart 
from the procedural desirability of pacing 
the task slowly for the younger children. 
there was also a theoretical reason for using 
long symbol exposures. A clear distinction 
is often drawn between the "span of ap- 
prehension" and the "span of immediate 
memory" (Hunter, 1929), The former in- 
volves fast, even tachistoscopic item ex- 
posures. while immediate memory exposures 
are considerably longer, but just how much 
longer is not clear, particularly with young 
children. More importantly, the span of ар” 
prehension is said to have a limit of four ОГ 
five items. A recent interpretation is that 
the reason only four or five rather than seve” 
or eight items are recalled in the span ? 
apprehension is because of the high rate ° 
item encoding required (Neisser, 1967). ^9 
the present study maintains that only fot! 
or five items are ordinarily recalled inde- 
pendently of exposure time, it seemed WISE 
to make exposure time so long that ther? 
could be no possible overlap with the spar 
of apprehension. A long exposure of eae 
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item allows Ss time for rehearsal, but if only 
four or five items are retained, even with re- 
hearsal, it can only strengthen the claim that 
seven has no special magic. 


Method 


Subjects—The Ss were 100 hearing and 100 
deaf children divided into five groups of 20 Ss 
according to age. Each group was approximately 
evenly divided as to sex. The hearing children 
were sampled from Grades 2, 4, 6, 8, and 10 of a 
Parochial grade school and public high school. 
Selection was made to eliminate atypical students 
and those not close to the modal ages for these 
grades of CA 7, 9, 11, 13, and 15. The deaf chil- 
dren were drawn from two state schools for the 
deaf and were close to the same ages as the hearing 
Ss. Children were selected who were either con- 
genitally deaf or who became deaf at an age before 
they could have acquired language. Teachers 
cooperated to exclude partially hearing children. 

Procedure—All Ss were run individually and 
Biven the same treatment. The five two-symbol 
series presented to all Ss were preceded by three 
different practice series, four, five, and five symbols 
long. If S made an error in responding to a prac- 
lice series, it was repeated until he got it correct. 
The symbols were projected one at a time as a 
light figure on a dark ground with the viewing 
screen 8-10 ft. in front of Ss. For 8 of the 10 
Broups, exposure time per symbol was 2.75 sec. 
with a l-sec. interval between exposures. For the 
CA 7 and 9 deaf groups, exposure time was 3.75 
sec. with a l-sec. interval between exposures. Use 
of a different time interval for these groups was 
an unintended mistake. A blank exposure pre- 
ceded and followed each series. After the blank 
exposure appeared at the end of each series, S was 
instructed to draw in consecutive order the symbols 
he had just seen, using a pencil on an unlined 
sheet of paper and putting symbols in a top to 
bottom order. Some Ss drew fewer and some more 
than nine symbols as they were not told the series 
length of either practice or test series. In addi- 
tion to the time taken in drawing the symbols, ü 
10-ѕес, interval was given before the ready signal 
Íor the next series. Special care was taken with 
deaf Ss to make sure they understood the instruc- 
tions. Few of the deaf Ss understood signs, but a 
blackboard and pencil and paper were used to give 
instructions and examples in addition to the prac- 
tice series, 
the bel Series. Series were composed sally of 
А. length ue as and — and were nine symbols e 

ies leneth hee symbols was used as a standar 
EF B 1 because of Miller's (1956) statement 

Jat people can repeat back nine binary digits and 
eight decimal digits. The first and fifth series 
were considered unpatterned, and the second, third, 
and fourth, patterned. The first series was, from 
beginning to end, + — + 4 — domo. TMe 
fifth series was the same as the first with symbols 


transposed: — + — — +— ++ —. The second, 
third, and fourth series all contained a run of 
three symbols with the other symbols alternating: 
=a ba ot 4 dee) By 
and — + — + + + — + —, respectively. These 
patterned series are named by the placement of 
their triple of identical symbols as the 2-3-4 series, 
the 6-7-8 series, and the 4-5-6 series. Half oí the 
Ss received the above order and half the same 
series in backwards order írom the fifth to the 
first series. 


Results and Discussion 


Scoring rationale —Correct responses were 
scored in two ways, initial span and nine- 
place span. The initial span was the num- 
ber of symbols correct írom the beginning 
of the series to S’s first error. Thus if S 
got the first symbol wrong, his score was 
zero. In the nine-place span all nine sym- 
bols were scored regardless of intervening 
errors. For both the initial and nine-place 
span, only the first nine symbols were scored, 
even if S wrote down more than nine sym- 
bols. Mean results for initial span are shown 
in Table 1 and for nine-place span in Table 
2. Means in both tables are based ou data 
from the same Ss. No difference was found 
between the two orders of administration so 
results were combined. Also combined in 
both tables, since they produced quite simi- 
lar scores, were the results from the two 


TABLE 1 


Mean NUMBER Or SYMBOLS IN INITIAL. MEMORY 
$РАХ ron THE Tw YMBOL SERIES 


IN Exp. I 
| Run position in 
Unpat- patterned series 
Group terned 55 
series 
CA 7 hearing 2.85 
CA 7 deaf 2.78 
CA 9 hearing 2.70 
CA 9 deaf 3.70 
CA 11 hearing 3.45 
CA 11 deaf 3.10 
CA 13 hearing 3.50 
CA 13 deaf 3.80 
CA 15 hearing 3.05 
CA 15 deaf 3.68 
T жр соз. mn 
жр «0l. 
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TABLE 2 


MEAN NUMBER oF SYMBOLS IN. NINE-PLACE 
Memory SPAN FOR THE Two-SyMBOL 
SERIES IN Exp. 1 


Run position in 
Unpat- patterned series 
Group terned 
series 
2-3-4 4-5-6 6-7-8 
CA 7 hearing 4.57 | 5.10 5.10 5.00 
CA 7 deaf 488 | 5.65 5.25 5.65* 
CA 9 hearing 4.50 | 5.70 5.05 G15 
CA 9 deaf 5.48 | 4.90 5.45 6.65* 
CA 11 hearing 4.98 5.80* 5.50 6.55* 
CA 11 deaf 5.05 4.95 4.90 5.70 
CA 13 hearing 5.05 6.20* 5.90 7.00** 
CA 13 deaf 5.50 5.15 1.05* | 6:75* 
CA 15 hearing 5.18 | 6.55* 6.15* | 7.30** 
CA 15 deaf 5.65 | 6.95** | 6.25 7.10 
ж p< 
Dp < .01 


unpatterned series for each S. These series 
were put first and last in each administra- 
tion to control for possible learning or fa- 
tigue effects. Note that in Tables 1 and 2, 
patterned series are presented in a left-to- 
right order which is not the same as the 
actual order of presentation. 

With a chance level of 50% giving a 
mean score of 4.50 symbols if S reproduced 
nine symbols, it is the author's opinion that 
greater dependency should be placed on the 
initial span as a measure of memory pro- 
ficiency for two-symbol series. However, 
the nine-place span does offer a possibility 
for further confirmation of results obtained 
with the initial span. This supplementary 
check is desirable since results do not lend 
themselves well to an overall parametric 
analysis with scores that varied only from 
zero to nine and an uneven number of un- 
patterned and patterned series. In both 
tables it is nevertheless possible to carry out 
a large number of statistical tests unfavor- 
able to the hypotheses that deaf and hearing 
Ss are fundamentally alike and that memory 
span for patterned series will exceed that 
for unpatterned series. Support for the 
claim that memory span for unpatterned 
series is only four or five symbols is a direct 
function of the obtained mean scores. 
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Unpatterned series.— The range of mean 
scores for unpatterned series in Table 1 is 
from 2.70 to 3.50 symbols for hearing Ss 
and from 2.78 to 3.68 symbols for deaf Ss. 
The ranges in Table 2 which, of course, per- 
mit greater leeway for guessing are from 
4.50 to 5.18 for hearing Ss and from 4.88 
to 5.65 for deaf Ss. When the extremes of 
these ranges were compared in significance 
tests, none approached significance. Deaf 
and hearing Ss were so close together in 
performance that no tests were made except 
at CA 9 where deaf Ss performed signifi- 
cantly better than hearing Ss in initial span 
by the Mann-Whitney U test (р < .05), 
but as deaf Ss were allowed a longer sym- 
bol exposure time at this age, this result 
must be discounted. Significance for this 
result was not confirmed with the nine-place 
span. 

The hypothesis that naive Ss ordinarily 
retain only four or five items at a single 
viewing was well supported for unpatterned 
series using initial span, as all means were 
less than four items. With the nine-place 
span, several means slightly higher than five 
items were obtained. However, the ques- 
tion arises whether the increase in number 
of items shown for the nine-place span is à 
contribution of such factors as memory re- 
cency or only the natural increase that would 
be expected from counting guesses as correct. 
Accordingly, predicted nine-place means 
based on guessing expectancies were calcu- 
lated for unpatterned series. These entries 
were calculated by subtracting both the mean 
initial span and mean number of missing 
items per series from 9.00 and then multi- 
plying this difference by the chance level of 
.5. This product was then added to the ini- 
tial span to give the predicted nine-place 
mean for a given group. The predicted un- 
patterned series means corresponding to the 
eight entries in this column in Table 2 from 
CA 7 hearing to CA 15 deaf were, in ordef; 
5.20, 5.46; 5.15, 6.12; 5.71, 5.61; 5.71, 6.15: 
5.08, 6.05. Only the estimated mean for 
CA 15 hearing, 5.08, was lower than the 
actual nine-place mean. There is, therefore 
no evidence that Ss were remembering any 
additional items in the unpatterned series 
nine-place scoring since Ss’ performance we 
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on the average a little below what would be 
expected on a chance basis. Results for 
patterned series in nine-place spans were less 
predictably related to initial spans so that 
inclusion of nine-place spans as a separate 
type of measurement is justified. 

Patterned series—Mean combined scores 
for the three patterned series were compared 
between hearing and deaf Ss at all ages by 
Mann-Whitney U tests. At no age were 
hearing or deaf Ss significantly different 
from each other either in the initial or the 
nine-place span. Only for the 2-3-4 series 
at CA 9 was the hearing Ss’ performance 
Significantly better by initial span than that 
of deaf Ss (р < .05), but this significance 
did not hold for the nine-place span. 

It is apparent in Tables 1 and 2 that the 
patterned series are not of equal difficulty. 
Each patterned series in both tables was 
tested against the mean of the two unpat- 
terned series by use of the Wilcoxon 
matched-pairs signed-ranks test. Significant 
results from these tests are indicated by 
asterisks in the tables. Using both span 
measures, these tests indicate that the series 
with runs in the 6-7-8 position are most fre- 
quently significantly better retained. At all 
but CA 7 the 6-7-8 series are significant for 
hearing Ss by both span measures. In addi- 
tion, the two other patterned series are sig- 
nificant by both measures at CA 15, and the 
2-3-4 series is significant by nine-place span 
at CA 11 and 13. The deaf groups show 
a similar trend; for the 6-7-8 series, CA Й, 
11, and 15 are significant by initial span, 
and all but CA 11 by nine-place span. Also, 
for deaf groups the 4-5-6 series is significant 
by both measures at CA 13, and the 2-3-4 
series at CA 15 by nine-place span. . 

In the results for patterned series there is 
only one example of a 2-3-4 or 4-5-6 series 
that is significant without the 6-7-8 series of 
the same group also being significant; this 
is the 4-5-6 series for initial span with CA 13 
deaf Ss. A Post hoc explanation as to why 
the 6-7-8 series is best retained can be made 
in terms of the occurrence of an initial string 
of alternating symbols in this series. It 
i ie appear to be more difficult to detect 

ernating symbols that occur after a triple 
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—the 2-3-4 series—or when the alternating 
pattern is disrupted—the 4-5-6 series. 

It was pointed out that there were no 
age differences for unpatterned series by 
either span measure. However, there were 
some age differences in performance on pat- 
terned series. The measure used to com- 
pare adjacent ages on both span measures 
was Mann-Whitney U tests based on mean 
combined errors for the three patterned 
series. For hearing Ss the CA 9 Ss were 
found to be significantly better than CA 7 Ss 
with initial span (р < .05) but not with 
nine-place span. For deaf Ss the CA 13 Ss 
were significantly better than CA 11 Ss with 
nine-place span but not with initial span. 
Thus since even those significant differences 
that were obtained were not confirmed, no 
consistent developmental trend is apparent. 

Although it can be satisfactorily concluded 
that the results for wnpatterned series are 
quite accurate estimates, the values in Tables 
1 and 2 probably are slight underestimates 
of retention capacity for patterned series. 
In other words, there should be more pat- 
terned series with 7 to 8 retained items. 
This retention underestimation for patterned 
series occurred in two ways. ‘For an easy 
series such as the 6-7-8 series there were too 
many perfect series so that many Ss did not 
reach their performance ceiling. The largest 
number of perfect series was 8 at CA 15. 
The second way that the entries in Tables 1 
and 2 underestimated Ss’ performance came 
about because Ss sometimes remembered a 
substantial segment of a patterned series but 
reversed the symbols. In a few cases, sym- 
bol reversal was shown by the result that all 
nine symbols in a series were wrong. This 
finding provoked an error analysis in terms 
of run length of consecutive errors. It was 
found for both hearing and deaf Ss at every 
age that on a per series basis, runs of three 
or more consecutive errors (but not of 
shorter length) were more frequent for pat- 
terned than unpatterned series even though, 
as Tables 1 and 2 show, total errors were 
greater for unpatterned than patterned series. 
This result suggests the possibility that with 
the present highly repetitive series, pattern 
form is sometimes remembered directly 
rather than individual symbols that can be 
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subsequently ordered by some kind of serial 
association. 


EXPERIMENT ll 


Although binary series are ordinarily con- 
sidered especially easy to retain, the possi- 
bility was considered that the previous ex- 
periment might have been ‚ап exception. 
Consequently a second experiment was un- 
dertaken with the same design, using series 
composed of either three or four different 
symbols. It quickly became evident, how- 
ever, that these multisymbol series were more 
difficult to retain than binary series. It was 
therefore decided to limit testing of Ss to 
the oldest age of the previous experiment, 
CA 15, and administer two different kinds 
of patterned series to hearing and deaf Ss. 
In one condition a doubleton in a series con- 
stituted the patterning. It was thought that 
à series containing a doubleton might be par- 
tially patterned since with an increase in the 
number of different symbols in a series the 
à priori probability of a symbol repetition de- 


creases. The unpatterned series adminis- 
tered with this condition had no symbol 
repetitions, 


In the second condition, pat- 


ples as in the 
A further distinction 


unpatterned series ad 
condition contained 
that they were similar 
of the first condition, 


Method 


The procedure was similar to that of Exp. I. 
Four separate treatment conditions were adminis- 


Each treatment condition was 


earing Ss from a public high 
school. Only congenitally deaf 55 were selected as 
Ss from the deaf Schools. All Ss were within 12 
mo. of their fifteenth birthday. Sex division was 
about equal in all groups. As in Exp. I, each § 
attempted to recall five Series composed of nine 
symbols. Half of the Ss in each condition per- 
formed the series in backward order. No 5 per- 
formed more than once. For all conditions the 
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symbol exposure time per symbol was 273 sec. 
with a 1-ѕес. interval between exposures. 

There were two treatment conditions that used 
series composed of three different symbols and two 
treatment conditions that used series composed of 
four different symbols. For the three-symbol 
series the symbol 0 was used with 4- and —, and 
for the four-symbol series the symbol as well as 
0, +, and — In all four conditions the first and 
fifth series were considered as unpatterned, or at 
least patterned to a lesser extent than the second, 
third, and fourth series. 


In one three-symbol condition Ше five adminis- 


tered series were, in order, (а) 24-0 —09 — +0 
*;0)0*——40—04; (c) -04-0—0 
T (d)0—- —00-— he ane (e) +0 
+-0-0+— N 


ote that doubletons occur in 
the patterned series in Positions 3-4, 7-8, and 5-6 
and that the unpatterned fifth series reverses the 
order of the unpatterned first series, A parallel 
condition with four-symbol Series was administered 
using the following five series: (a) te OE 
00; 0) +0——0г1- гб, (c)+O-—+ 
"ud ied FB FE Per ee cat (с) 
00—-+00+ – a. 

In the other three-sy: 
istered scries were, i 


» In order, (а) + — +0--0 
+0; (0) 0 Og A (c)-0-0- 
TEO: (d) Ts OO Осо ид (e) 0+ 
0--O4 — +4. Note that triples occur in the 
patterned series 


t іп Positions 2-3-4, 6-7-8, and 
4-5-6 and that again the fifth seri es j 
of the first, i 


series was administe rec 


i 1 with the following five 
joe) OF HER г +++ 
9—-O-0; (с) 0 +0 + — 8 (4) — + 
0000—04; and (e) + 90+-—Q-0. 
Parallelis 


T» Was not complete 


as the fifth series 
Was not a reversal of the first. 


Results and Discussion 


Unpatterned Series.—Results were ana- 
lyzed in the same manner as in Exp. 1. For 
the four hearing and four deaf groups, Table 
3 displays the Tesults of an initial span analy- 
Sis and Table 4 of a nine-place span analysis. 
‘Or unpatterned series in Table 3 the initial 
Span means are all less than 4, and in Table 
4 the nine-place Span means are all Jess than 
any allow 


€ Previous experiment. 
Ms were slightly over- 
two-symbol means of ExPP- 
Symbol series means меге 
exception slightly underestimate’: 


estimated, like the 


I, while the four- 
with one 


ке 


VISUAL MEMORY IN THE DEAF AND HEARING 


Thus the two span measures appear to be 
somewhat less predictably related to each 
> other than was the case for two-symbol series 

ш Exp. I. 

It can be observed in Tables 3 and 4 that 
for hearing Ss the means for three-symbol 
unpatterned series overlap those for two- 
symbol unpatterned series in Exp. I, but val- 
ues for four-symbol series are consistently 
smallest. For deaf Ss there is no overlap, 
the means for three-symbol unpatterned 
series are smaller than the means for two- 
symbol unpatterned series, and the means for 
four-symbol unpatterned series are smaller 
than the means for three-symbol unpatterned 
series, 

Means for unpatterned series with differ- 
ent numbers of symbols were tested against 
each other by Mann-Whitney U tests, using 
CA 15 results from Exp. I for two-symbol 
series. The two-symbol unpatterned mean 
for hearing Ss was not significantly higher 
than any means for three- or four-symbol 
series by initial span, but the two-symbol 
mean for nine-place span was significantly 
higher than the means for both four-symbol 
series (р < .02). Also, the two three-sym- 
bol means were significantly higher than one 
four-symbol mean by both spans (р € .02). 
For deaf Ss, means for two-symbol unpat- 
terned series were significantly higher than 
all three- and four-symbol unpatterned series 


TABLE 3 


Mran NuMBER OF SYMBOLS IN INITIAL MEMORY 
SpAN FOR THE THREE-SYMBOL AND Fovn- 
SyMBOL SERIES IN Exp. П 


Run position in 
Unpat- patterned series 


terned 
series 


E SÉ 
34 | 5-6 | 7-8 


Group 


Three-symbol hearing 
hree-symbol deaf 


Four-symbol hearing 
"our-symbol deaf ` 


Three-symbol hearing 
Three-symbol deaf E 


Four-symbol hearing 
our-symbol deaf 


* p «01. 
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TABLE 4 


MEAN NUMBER OF SYMBOLS IN NINE-PLACE 
MEMORY SPAN FOR THE THREE- AND 
Foun-SvwBOL Series IN Exp. П 


| Run position in 
Unpat- patterned series 
Group terned 
series n 
3-4 5-6 | 7-8 
Three-symbol hearing | 4.65 | 4.40 4.85 | 4.60 
Three-symbol deaf 3.68 | 4.35 4.60 | 3.25 
symbol hearing 4.08 | 3.65 3.95 | 3.30 
Four-symbol deaf 3.38 | 3.80. | 3.40 | 3.25 
2-3-4 | 4-5-6 | 6-7-8 
4.55 | 6.45** | 4.90 | 5.30 
3.84 | 5.50* | 4.55 | 4.90 
Four-symbol hearing 3.18 | 4.95** | 3.65 | 3.85 
Four-symbol deaf 3.48 | 5.35** | 4.05 | 3.10 
* p «.05 
"3 $0 


by both spans (р < .02). There were no 
significant differences between three- and 
four-symbol means for deaf Ss. It can be 
concluded that there is a general trend for 
additional symbols in a series to increase 
retention difficulty, although results in terms 
of significance tests are somewhat irregular. 

When deaf vs. hearing comparisons were 
performed, one series, the three-symbol series 
with no repetitions (top of Tables 3 and 4). 
showed significantly better performance on 
the part of hearing Ss for both spans by 
Mann-Whitney U test (p < .05). 

Patterned series —With the same three- 
symbol series, hearing Ss performed signifi- 
cantly better than deaf Ss on the patterned 
series with a doubleton in the 7-8 positions 
by both spans (p < .05). The combined 
patterned series means for these groups were 
significantly better for hearing Ss by initial 
span (p < .02) but not bv nine-place span. 
No other groups in Exp. IT showed signifi- 
cant differences favoring hearing Ss, al- 
though they performed consistently better 
than deaf Ss with the other three-symbol 
series. 

As in Exp. I, Wilcoxon matched-pairs 
signed-ranks tests were performed to deter- 
mine which patterned series were signifi- 
cantly better than the mean of the unpat- 
terned series of the same group. Significant 
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results are denoted by asterisks in Tables 3 
and 4. Three of the four 2-3-4 series in 
Table 3 were significant by initial span and 
all four 2-3-4 series in Table 4 by nine-place 
span. No other ostensibly “patterned” series 
was significant in either table. A post hoc 
explanation of these results is that in the 
absence of a discernible pattern for the early 
symbols, such as the alternating symbols in 
two-symbol series, initial span could retain 
only the abbb pattern present in the initial 
symbols of the 2-3-4 patterned series, 
Mann-Whitney U tests were also carried 
out between the means of patterned series of 
different symbol composition. There was a 
significant difference favoring the combined 
mean of the three two-symbol patterned 
series at CA 15 in Exp. I over the combined 
means of both patterned three-symbol series 
in Exp. П. This finding holds for both 
hearing and deaf Ss with both spans. Pat- 
terns were so much simpler in two-symbol 
series that this result can be discounted, For 
the means of patterned series with triples in 
Tables 3 and 4 the three-symbol series were 
significantly better retained than the four- 
symbol series by hearing Ss in both spans 
(p < .02), but this result did not hold for 
deaf Ss. The means of series with double- 
tons showed no significant differences be- 
tween three- and four-symbol series for either 
deaf or hearing Ss. The unique nature of 
each patterned series implies that no com- 
parisons purely in terms of series composi- 
tion are possible, but present results suggest 
that, as with unpatterned series, the diffi- 
culty of patterned series increases as the 
number of different symbols 


in a series 
increases, 


CONCLUSIONS 


The two major hypotheses of the study were 
well supported by results which showed that 
(a) the average span for items in unpatterned 
series was about four and (b) results for 
hearing Ss were distinguishable from those for 
deaf Ss in both unpatterned and patterned series 
for only one type of three-symbol series. 

Other findings were that series regularities 
such as symbol runs and symbol alternations 
significantly increased the number of symbols in 
memory span beyond that found with unpat- 
terned series. However, regularities were pres- 
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ent in some series that were ineffective in in- 
creasing memory span. 

In one respect, results were more favorable 
than had been expected in support of the origi- 
nal hypothesis of a limited span. It had been 
thought that in contrast to multisymbol series, 
two-symbol series might produce spans con- 
sistently longer than four or five symbols. 
This did not prove to be the case when Ss 
results were evaluated against guessing proba- 
bilities. 

It is conceivable that Ss older than CA 15 
would have a longer span for unpatterned series, 
but the norms given for the Wechsler Adult 
Intelligence Scale digit span suggest that any 
increment would be small. For two-symbol 
unpatterned series in the present experiment по 
significant increase in span was shown between 
CA 7 and 15. 

As stated in the introduction, other studies 
have shown at least equal performance !n 
retention on the part of deaf Ss who were com- 
pared to matched hearing Ss. Partial originality 
can be claimed for the present study in showing 
that deaf Ss were generally not inferior in se- 
quential retention when familiarity and previous 
Practice with stimulus items were adequately 
controlled, 

The assumption that the auditory-vocal sys- 
tem is necessarily involved in remembering 
visual items has been challenged in experiments 
with hearing Ss. For example, Posner (1967) 
has shown that information from visual dis- 
plays need not invariably be encoded verbally to 
be well remembered. This does not mean, of 
course, that hearing Ss do not frequently 117 
volve the auditory-vocal system in retaining 
visual items, Conversely, cases can also occu" 
where sequential auditory stimuli seem to Þe 
encoded directly as visual imagery (Wood- 
worth & Schlosberg, 1954, p. 221), “The trans- 
lation of visual sequences into auditory-voc* 
storage is presumably a more common strategy: 
but it is not a necessity. 
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JOINT EFFECTS OF STIMULUS INTENSITY AND PREPARATORY 
INTERVAL ON SIMPLE AUDITORY REACTION TIME?! 


JACK BOTWINICK 2 


Duke University 


Reaction times (RTs) were measured in rela 


intervals (PI) within three stimulus 


set at approximately the 75% absolute threshold, the 
at a much higher level for each of 48 Ss. 


mate mean decibel levels of 6, 8, and 
6.0 sec. 


The RTs were found to decrease with increas 


tion to two regular preparatory 
ty levels. The intensities were 
100% threshold, and 
This corresponded to approxi- 
81, respectively. The PIs were .5 and 
ed intensity and to be 


intensi 


related to the PI in the usual way only in the two higher intensity condi- 


tions. The combination of the low 
get set for it made for the very 


Two sets of factors have been emphasized 
in accounting for variations in reaction time 
(RT) : attentional or preparatory set factors 
and sensory-perceptual factors. While it may 
be useful to emphasize one or the other group 
of factors, it ought to be very clear that the 
two are not mutually independent. Atten- 
tion is partly a matter of the strength (in- 
tensity, size, color, etc.) of the input and 
thus of sensory characteristics. Conversely, 
what is sensed and responded to is partly a 
matter of attention and expectancies, and as 
Tanner and Swets (1954) indicated, the 
criteria used in accepting low-intensity inputs 
as stimuli. Thus, the concepts sensory fac- 
tors and attentional factors in RT are de- 
pendent functions and may be compared in 
this sense only. 

In the present study, the comparison was 
made by use of two types of stimulus varia- 
tions: stimulus intensity (sensory factors) 
and preparatory interval (set factors). These 
two groups of factors were manipulated to 
maximize extreme variations in ВТ. For 
stimulus intensity, two “absolute threshold” 
levels plus one suprathreshold level were 
selected. For preparatory set, two regular 
preparatory intervals (PI) were selected 


1 This study was supported in part by a United 
States Public Health Service Research Career 
Development Award (5153) and а research grant 
(01325) from the National Institute of Child 
Health and Human Development. 

2 Requests for reprints should be sent to Jack 
Jotwinick, who is now at Washington University, 
Department of Psychology, Saint Louis, Missouri. 


est intensity tone and the least time to 
slowest RTs. 
in the condition of lowest intensity stimulation. 


Inter-S variances werc large 


which on previous occasions made for very 
quick and very slow RTs (e.g., Botwinick & 
Brinley, 1962; Botwinick & Thompson, 
1966). 


METHOD 


Subjects —The Ss were 24 men and 24 women. 
All but one S were students 17-22 yr. old, ful- 
filling part of the requirements of a first course in 
psychology by partaking in this study. The one $ 
was a 22-yr.-old woman laboratory assistant, re- 
cently graduated from college. 

Procedure. —Two parts were involved: One was 
the measurement of absolute thresholds of auditory 
stimuli, and the other was the use of these thresh- 
old values in the measurement of RT, Threshold 
determinations took 10-15 min., and RT measure- 
ments took approximately 25-30 min. рег §. The 
same apparatus was used to present the tones for 
threshold and for RT determinations. Tones were 
generated by a Hewlett-Packard oscillator (Model 
200 CD) and attenuated by an attenuator set O 
the same company (Model 350 D). Stimulus 
intensity was varied by units of one on the contro! 
of the attenuator and corresponded to units © 
approximately 1 db., as determined by a matching 
procedure carried out with five female Ss 18-25 УГ 
old. The matching was of tones generated by the 
apparatus with those generated by a Maico-TW? 
audiometer of known decibel output, maintained in 
calibration according to International Standards 
Organization 1964 standards, 

The 5 sat at a desk in a soundproof chamber and 
was able to see E outside the chamber through 2 
two-way window. Auditory thresholds were co” 
puted by the method of limits, starting with, E 
ascending series (increasing loudness) and contin" 
ing with 20 additional series, alternating betwee 
descending and ascending trials. The tones we 
750 cps, presented through binaural earphones 
1-2 sec. For each S the final 20 series were пе, 
to determine two threshold values: 100% (lowe 
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intensity reported as heard every time) and as near 
to 75% as possible (reported as heard three-fourths 
of the time). The S signaled having heard the 
tone by raising a finger. In addition to the 100% 
and 75% threshold tones, a louder one, the same for 
(81 db.), was used in the measurement of 


There was a variation among Ss in decibel level 
associated with the 100% threshold: the range was 
2.7-19.5 with a mean and a median, respectively, 
of 8.2 and 7.9. The 75% threshold was a median 
of thresholds ranging from 60% to 85%. The 
corresponding decibel levels were 2.2-15.6 with 
mean and median of 6.6 and 5.9 db., respectively. 
The decibel levels are based on the traditional zero 
reference of .0002 dynes/cm*. 

In the measurement of RT, each of the three 
stimulus threshold conditions was presented with 
two regular PI durations, .5 and 6.0 sec. Each PI 
duration was associated with 25 RT trials plus 4 
catch trials (defined as the PI duration plus 4.0 
Scc, ie, 4.5 and 10.0 sec.). In this way each 5 
had 150 trials plus 24 catch trials. 

There were four orders of stimulus conditions, 
with six men and six women experiencing an 
order. Order 1 was (a) 75% threshold, .5 sec. 
PI; (b) 7595, 6.0 sec.; (c) 100%, 6.0 sec.; (d) 
10096, .5 sec.; (c) suprathreshold (81 db.), 6.0 
sec.; and (f) suprathreshold, .5 sec. Orders 2, 3, 
and 4 were b,a,d,c,f,e; d,c, bac f; and ¢,d.a,b,fe, re- 
spectively. 

In the measurement of RT, each S pressed down 
on a telegraph response key which started an auto- 
matically programmed sequence. The finger press 
simultaneously initiated the warning signal (a glow 
of a 74-w. frosted lamp) which lasted .5 sec. The 
PI (.5 or 6.0 sec.) followed and was terminated 
by the stimulus tone, The finger lift terminated 


TABLE 1 


VARIANCE ANALYSIS OF REACTION TIME IN 
RELATION TO STIMULUS THRESHOLD 
AND PREPARATORY INTERVAL 


Source MSS Е ar э 
= 10.81 | 47 
Ses (A) Hee 46 á 
Ss within A pi 
Within Ss Nel 
reatments 664.5 S 
Threshold (B) 664.50] 2 | (24.88 
Preparatory interval (C) cu о aao 
Ss X B-C combinations А a 
AER M i m 
Ear 6 al і 
p aed Ss (D) x B-C combinations | 2.716 | 230 
о 58 7 5.32 | 92 | 
DX B-C 1.04) 46 
Total 107 | 87 


^ Mean squat ivi 
purpose of this table. ^ 91194 by 10,000 and rounded for the 


T 
p < 005. 
** р < .001. 
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Fic. 1. Mean of individual S's median RT as a 
function of three stimulus intensity conditions and 
two regular preparatory intervals. (The 75%, 
100%, and suprathreshold conditions correspond to 
approximate mean decibel levels of 6, 8, and 81, 
respectively.) 


the stimulus and stopped an electronic counter 
which was activated with the onset of the stimulus. 


RESULTS 


For each S the median RT was computed 
for each threshold—PI condition; thus, each 
S was represented by six medians. Table 1 
shows the summary of a variance analysis 
based on these medians. There was a sta- 
tistically significant effect on RT of the 
threshold variation, both independent of the 
PI (p< .001) and in conjunction with it 
(p < .005). Figure 1 shows the nature of 
these effects. The RT was slowest when the 
stimulus was weakest and quickest when the 
stimulus was strongest. While there was no 
overall PI effect (р > .05), Fig. 1 indicates 
the PI did make a difference in RT in con- 
junction with the intensity levels. Typical 
PI patterns were found in the two stronger 
stimulus conditions (RT was slower to the 
6.0-sec. regular PI than to the .5-sec. PT), 
but not in the weakest stimulus condition. In 
this latter condition, the pattern was re- 
versed. with the mean RT difference in rela- 
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tion to the PI greater than in either of the 
stronger stimulus conditions.? 

Two other types of variance analyses were 
carried out, each with results similar to that 
seen in Table 1. One analysis was based on 
the consideration that stimuli were sometimes 
not responded to or responded to with very 
long latencies. This was particularly the 
case for three men Ss and one woman S with 
the lowest intensity stimulus. When stimuli 
were missed or when RT was slower than 
2,500 msec., a value of 2,500 msec. was 
scored. Table 1 and Fig. 1 reflect this scor- 
ing. When the analysis involved only those 
actual responses quicker than 2,500 msec., 
RT differences associated with stimulus in- 
tensity were again significant, F (2, 92) = 
177.66, p < .001, as were differences associ- 
ated with the Intensity x PI interaction, F 
(2, 92) = 4.64, p < .025. In this analysis 
the overall PI effect was also significant, 
Е (1, 46) = 4.06, р < .05. 

The other type of analysis included only 
the data of the perfectly counterbalanced or- 
ders of stimulus presentation, i.e., the condi- 
tions of "absolute threshold." The two 
suprathreshold conditions were excluded in 
this analysis because they were always pre- 
sented last in the procedure and thus could 
have confounded possible practice effects 
with those of stimulus intensity and related 
interactions, The RT differences associated 
with the two threshold conditions were sig- 
nificant, F (1, 46) — 3470, р < 001, as 
were differences associated with the Intensity 
X PI interaction, F (1,46) = 6.47, p < .025. 
In similar fashion, the analysis carried out 
with the data based on only those actual re- 
sponses quicker than 2,500 msec. also showed 
significant intensity and PI x Intensity ef- 


3 An effort was made to determine whether an- 
ticipation of the stimulus, as opposed to response to 
it, and whether criterion rather than detectability 
differences might account for this interaction. The 
following were tabulated for both regular and 
catch RT trials of each condition of stimulus 
intensity and PI: omitted and long-latency ( > 
2,500 msec.) responses, premature responses of 
which S showed sign of recognizing the anticipa- 
tion, and premature responses of which S did not. 
The tabulation indicated too few of these for a 
meaningful analysis. 
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fects, F (1, 46) = 47.06, р < 001; and F 
(1, 46) = 477, p < .05, respectively. 

Both the means of these median RTs and 
the variances were functions of stimulus 1n- 
tensity. The standard deviations in RT to 
the .5-sec. PI from lowest to highest intensity 
stimulation were 400, 116, and 28 msec., 
respectively. The corresponding standard 
deviations to the 6.0-sec. PI were 226, 119, 
and 28 msec. Although this heterogeneity of 
variance suggests that some of the above sig- 
nificance levels may be unrealistically high, 
substantial reduction of them would still per- 
mit an inference of statistical significance. 
This contention was supported by a series 
of nonparametric tests—Friedman’s two-way 
analysis of variance of ranks (Siegel, 1956, 
pp. 166-170) in the case of the three stimulus 
intensity conditions and the Mann-Whitney 
U test in the case of the two intensity condi- 
tions. When RTs associated with both PIS 
within each of the three intensity conditions 
were pooled, they decreased systematically 
from the 75% to the 100% to the supra- 
threshold condition for each of the 48 5% 
i.e., the rank ordering was identical for every 
S. То test for the Threshold x PI inter- 
action, the RT of each S to the .5-ѕес. PI was 
subtracted from that to the 6.0-sec. РІ within 
each stimulus condition, and these difference 
RTs were ranked across the three conditions: 
The resulting statistic (x?,) was 9.03, an 
with two degrees of freedom it was signifi 
cant at less than the .02 level, thus supporting 
the results of the variance analysis seen i? 
Table 1. The comparable U test of interac” 
tion involving only the two “absolute thresh- 
old” conditions also indicated a significance 
b < 01. The PI variation was effective 
with respect to RT in direct relation to the 
increased intensity of stimulation. In the 
lowest intensity condition, PI had little. ! 
any, effect. Going from the condition of 
highest to lowest intensity stimulation, th€ 
numbers of 55 out of 48 that were quicker 
to the .5-sec. PT than to the 6.0-sec, PI we! 
45, 38, and 26. 

The Friedman test applied to those median 
data which excluded RTs greater than 2, 
msec. missed significance at the .05 level, be 
was significant at less than the .10 level C^ 
=5.32). With these data the numbers of 
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out of 48 that were quicker to the .5-sec. PI 
than to the longer one were 45, 39, and 28 
from strongest to weakest stimulation, re- 
spectively, again indicating the relative in- 
effectiveness of the PI with very low-inten- 
sity stimulation. The comparable U test of 
interaction with only the two stimulus inten- 
sity conditions was significant at the .04 
level. 

The overall data were collected in four 
orders, and a series of variance analyses was 
carried out to test for RT differences among 
them, This was done by comparing RTs 
associated with the same threshold-PI com- 
binations across the four orders. The result 
was that Order x Sex interaction effects 
were statistically significant for some combi- 
nations. For example, RTs associated with 
the .5-sec. PI and the 100% threshold con- 
dition were different among the four orders 
(р < .05), and this effect for men was sig- 
nificantly different than for women (p< 
:01). When the same type of analysis seen 
in Table 1 was carried out for each of the 
four orders separately, the same stimulus 
intensity effects on RT as in Fig. 1 were 
seen, but the significant Threshold х PI in- 
teractions were not (p> 05). It would 
seem from this that the stimulus intensity 
effect is more reliable than the interaction 


effect. 
Discussion 


The results of the present study were clear 
in demonstrating that RT decreased with in- 
creased stimulus intensity. The results also 
pointed to an interactive effect on RT of the 
stimulus threshold and PI variations, but less 
clearly so. In terms of contribution to total 
variance, the sensory factors (stimulus in- 
tensity) were more important than the atti- 
tudinal or preparatory set factors (PD. 

The interactive effect was such that in the 
lowest intensity stimulus condition the PI was 
mesi. accounting for RT, while 3 the 

ns of higher intensity stimu ation, 
RT was related to the duration of the PI in 
the usual way—longer latencies to regular 6.0- 
sec. PIs than to .5-sec, PIs (e.g. Botwinick & 
Brinley, 1962; Botwinick & "Thompson, 1966 
In the condition of weakest stimulation there 
was a reversal of this usual pattern, but it was 
not large relative to inter-S variances. The 
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combination of very low-intensity tones and 
little time to prepare or get set for the tones 
made for the very slowest RTs. 

It may be that barely audible stimuli interact 
with stimulus dimensions other than PI to affect 
RT in a way very different from that of stim- 
uli much louder. For example, stimulus in- 
tensity and stimulus exposure duration have 
been manipulated to determine their joint ef- 
fects on RT. Data reported by Avakyan, 
Vardapetyan. and Gershuni (1967-1968) indi- 
cated that at suprathreshold intensities of white 
noise, RT decreased with increased stimulus 
durations; at near-threshold intensities, many 
measurements on one S indicated that the re- 
verse was the case. Similar in concept, Thomas 
(1967) found that with stimuli above 10 db., 
RT decreased with increased stimulus dura- 
tion, but was independent of duration at intensi- 
ties below 10 db. Raab (1962), however, using 
two higher intensity noise bursts, 40 and 60 
db.. reported an opposite pattern. The effect 
on RT of increased stimulus durations from 20 
to 50 msec. was apparent with the 40-db. stimu- 
lus only, not with the higher intensity one. 
Taken together these studies indicate that it is 
with middle-intensity ranges that relatively 
long stimulus exposures are most effective in 
reducing RTs. The effectiveness is less in 
conjunction with higher intensity stimuli and 
nonexistent or even opposite in effect when 
examined in conjunction with near-threshold 
intensities. This pattern is similar for the PI, 
at least with middle- and low-intensity stimu- 
lation. It may well be that stimulus character- 
istics other than exposure and PI durations 
interact with stimulus intensity to affect RT 
differentially and perhaps other response meas- 
urements as well. 

The 75% threshold corresponded to an ap- 
proximate mean stimulus level of 6 db. With 
the well-controlled acoustic conditions of the 
experiment, an approximate increase of only 2 
db. in intensity resulted in a 100% threshold. 
The overall mean difference in RT between 
these two threshold conditions was large, nearly 
200 msec.; the difference between this latter 
8-db. condition (100% threshold) and the 81- 
db. condition (suprathreshold) was over 300 
msec. Since with the procedure of this study 
it was hardly possible to measure RTs with 
stimuli weaker than those corresponding to a 
75% threshold and hardly appropriate because 
of comfort levels to present stimuli levels higher 
than the 81 db., for all practical purposes the 
range of intensities used was the widest range 
possible. Thus. as measured here, it is possible 
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to describe RT across the total feasible inten- 
sity range. It may be seen in Fig. 1 that RTs 
associated with approximate stimulus intensity 
levels of 6, 8, and 81 db. were 715, 518, and 194 
msec., respectively. 
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FORMULATION OF A GENERALIZATION SURFACE FOR 


THE SIMULTANEOUS VARIATION OF STIMULUS 
AND RESPONSE SIMILARITY * 


MICHAEL SHEA ? 


University of Lowa 


The present research attempted to provide a descriptive formula for transfer 
in paired-associate (PA) learning along the dimensions of meaningful simi- 
larity (synonymity) and postulated generalization as the mechanism under- 
lying the transfer. Nine PAs defining a Stage 1 A-B list were selected 
from among Haagen's (1949) adjectives. On the transfer lists, three levels 
of stimulus and response similarity, using adjectives from the same source, 
defined the paradigms A-B, A-B', A-B", A'-B, A"-B, A'-B', A'-B", A"-B', 
and А”-В”. A multiple-choice task was employed to test for transfer on 
Stage 2 with all Ss receiving all paradigms. In Exp. I and II the 144 Ss 
provided evidence to support the hypothesized formula: probability of 
stimulus generalization probability of response generalization = probability 
of simultaneous generalization. A greater effect of stimulus than response 
dissimilarity was observed in Exp. І and IL. It was found subsequently, 
in Exp. III, that this asymmetry appeared to have resulted from the 


structure of the multiple-choice task 


Through the years there have been several 
attempts to summarize the available empirical 
data regarding transfer from the first to the 
second of two successively learned paired- 
associate (PA) lists based on the nature of 
the relationships obtaining between the first 
and second PA list. Osgood (1949) pre- 
sented a summary based on forward associa- 
tions in the form of a surface derived by 
considering as orthogonal axes the dimen- 
sions of interlist stimulus dissimilarity and 
interlist response dissimilarity. The remain- 
ing axis represented the amount of positive 
or negative transfer. Martin’s (1965) re- 
cent summary beginning with Osgood’s sur- 
face added consideration of the effects of 
backward associations and response availa- 
bility and thereby generated two additional 


three-dimensional surfaces. 
Underwood (1949), in addition to sum- 
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Shea, who is now at Balliol College, Oxford Uni- 
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used in Exp. I and II. 


marizing the available data as Osgood had 
done, postulated the phenomena of stimulus 
and response generalization as the mecha- 
nism underlying the observed transfer. That 
such a mechanism is not an implausible one 
for verbal materials has been demonstrated 
by Abbott and Price (1964) with an exam- 
ple of a gradient for stimulus generalization 
and by Postman (1951) with an example of 
a gradient for response generalization. More 
recently, Underwood (1966) has extended 
this original conceptualization to include the 
middle of the surface by proposing that the 
probability of stimulus generalization (P4) 
X the probability of response generalization 
(Px) = the probability of simultaneous gen- 
eralization (G). A model similar to the 
foregoing one was proposed by Jarrett and 
Scheibe (1963) for mediated associates. 

The available studies on transfer have been 
largely restricted to the edges of the transfer 
surface. Wimer (1964) attempted to extend 
the available data by describing one point in 
the center of the Osgood surface for positive 
transfer. Dallett (1962) extended the avail- 
able data even more by describing two points 
of simultaneous generalization. He used 
three degrees of response similarity and four 
degrees of stimulus similarity combined fac- 
torially to produce a summary surface, with 
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the A-B, A’-B’ and A-B, A"-B' paradigms 
being the important addition to the previously 
available data. 

'The present studies represented an attempt 
to characterize the transfer suríace, including 
its center, more fully than has thus far been 
accomplished. Accordingly, in Exp. I, mean- 
ingful similarity was varied through three 
levels of stimulus and response similarity 
factorially combined in a PA transfer situa- 
tion. Describing the Stage 1 PA list as 
A-B, the PA test pairs of Stage 2 defined 
the following nine paradigms: A-B, A-B’, 
A-B", A'-B, A"-B, A'-B', A'-B", A"-B', and 
A"-B". The A’ items were highly similar to 
A, while the A" items were slightly similar 
to A. The same was true for the B items. 
Four of the nine paradigms, A'-B', A'-B", 
A"-B', and A"-B", are seen to involve simul- 
taneous generalization and may thus be used 
to assess Underwood's proposed model. Ad- 
ditionally, it was expected that increasing 
stimulus and response dissimilarity would 
produce a decrement in generalization. The 
simplest assumption would be that these 
decrements would be equal in magnitude 
since the theory has failed to state otherwise. 

$ Experiment II was, in the main, a replica- 
tion of Exp. I, with slight procedural changes 
designed to shed further light on certain 
aspects of the results of Exp. I. 


Experiments I anp II 
Method 


Design and materials —F ifty-four adjectives were 
selected from Haagen’s (1949) list, 8 for which 
synonyms were not selected because they would 
serve as identity items, 18 of which had a synonym 
of high similarity (.9-1.5 on Haagen’s scale, X = 
1.27), and 18 of which had a synonym of low simi- 
larity (2.8-3.4 on Haagen's scale, X = 3.05).3 The 
identical adjectives and synonyms constituted the 
three levels of similarity : identity, highly similar. 
and slightly similar. І 

Stage 1 lists consisted of nine PA items (A-B), 
while Stage 2 lists consisted of nine multiple- 
choice test items representing the paradigms A-B, 
A-B', А-В”, AB, A"-B, АВ, АВ”, АВ” 


з The adjectives Were equated for familiarity, 
but not for associative connection. Because of the 
high correlation between associative connection 
and similarity, those synonyms with high similarity 
also had higher associative connection than those 
of low similarity. 
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and A"-B". Stimulus and response exemplars for 
the various paradigms with respect to similarity 
were drawn randomly from the available adjec- 
tives. The items were presented in random order, 
and the positions of the “correct” alternatives were 
appropriately randomized. 

For example, the A-B, A'-B' paradigm exemplar 
with the Stage 1 PA Axcnv-LrrTLE had the Stage 
2 multiple-choice item: 


l. CENTRAL 
ENRAGED 2. PETITE 
3. HEAVY 


The same Stage 1 PA in the A-B, A-B’ paradigm 
would have the Stage 2 test item: 


1. CENTRAL 
2. PETITE 
3. HEAVY 


ANGRY 


The incorrect alternatives were also selected from 
Haagen’s list and were equated for familiarity 
The incorrect foils were not meaningfully similar 
to either the original stimulus or response word. 
If the “correct” alternative was an unfamiliar 
word (as in the А-В, А-В’ paradigm), then the 
other foils were also unfamiliar, but if the "cor- 
rect” alternative was a familiar word (as in the 
A-B, A-B' paradigm), then the other foils were 
also familiar response words drawn randomly from 
the Stage 1 response words of exemplars of dif- 
ferent paradigms. Thus, Ss could not select the 
"correct" alternative on the basis of contrasting 
familiarity from Stage 1. 

Three independent replications were prepared 
from the 54 adjectives. Three additional replica- 
tions were produced by reversing the S-R pairs 0 
form R-S pairs so that, e.g, the A'-B" paradig™ 
would produce a new A"-B' paradigm. The pairs 
were not, however, balanced across paradigms. 

_ Thus the paradigms varied within Ss, but the 
етв representing the paradigms varied betwee” 

Sy 
. Subjects—The Ss were undergraduates enrolled 
in elementary psychology at the University 
Iowa. Two were dropped in Exp. I for failure 4 
learn the Stage 1 list to criterion in 25 trials а" 
another was excused because his native languag 
was Spanish. Two were dropped in Exp. II, d 
Cause of E error. A total of 72 Ss was retaine 
in each experiment. There were 5 males an 
females in each replication in Exp, I and 6 males 
and 6 females in each replication in Exp. Il. a 

5 were randomly assigned to the six replication’ 
with the restriction that the nth S not be assign 


to a replication until »—1 Ss had been assigned t° 
all other replications, 


Procedure.—Exy, I Ss 
Stage 1 and then learned the 
test method to a criterion of 
fect recall trials, 
459 B Stowe mem 
on both study and 


were instructed i 
PA list by the st 7. 
three successive 
The list was presented 9 is 
огу drum with 3-sec. inte!" 


er 
test presentations. The 55 W 
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then told they would be presented difficult multiple- 
choice “tests” over the pairs they had just learned. 
They were informed that some of the stimulus and 
response words would be different, but that they 
could select the “correct” alternative by using 
what they had learned in Stage 1. The Ss were 
not told anything about using item similarity as a 
cue in selecting the response. 

The nine multiple-choice problems were then 
Presented once in one of a number of different 
random orders. The Ss were allowed 6 sec. to 
respond to each item. 

In Exp. II an attempt was made to insure that 
Ss were familiar with the stimulus items in order 
to reduce a greater effect of stimulus than re- 
sponse dissimilarity observed in Exp. I. 

Accordingly, new Stage 1 lists were employed 
with 5 study trials in succession before each test 
trial. The Ss were instructed to read both the 
Stimulus and response words aloud on every study 
and every test trial. The Ss did not work to a 
criterion, but went on to Stage 2 after 10 study 
and 2 test trials. All other procedures were 
identical to those of Exp. I, with the Stage 2 test 
being an exact replication. 


Results and Discussion 


In Exp. I the mean number of trials to 
reach the Stage 1 criterion was 10.26, while 
in Exp. II the mean number of correct re- 
jou on the second Stage 1 test trial was 

d 

For Stage 2 the total number of selections 
of similar stimuli and responses was ex- 
pressed as a percentage of the total possible 
selections. The percentages for Exp. I were 
97.2% for A-B, 79.2% for A-B', 69.4% for 
А-В”, 59.7% for А-В, 45.8% for А”-В, 
45.8% for A'-B', 54.2% for A'-B", 37.5% 
for A"-B', and 25.0% for A"-B". The per- 
centages for Exp. II were 95.8% for A-B, 
73.6% for А-В’, 73.6% for А-В”, 56.976 for 
А-В, 44.4% for A"-B, 47.2% for A'-B', 
40.3% for A'-B", 31.9% for A'"-B', and 
43.1% for A".p", The performance in the 
wid Paradigm in Exp. [ appears to be 

w the chance level of 33.3%. On the 
very difficult д” В” items, however, the Ss 
E ан е1, only attempted to respond on 

76 Of the opportunities; thus, they were 
T performing below the chance level when 
pay EK ы The performance in the 
Exp. I; howev ПЕРСЕ tn be quite high in 
hi à : Ver, in Exp, IT this unusuallv 

igh performance was not present. The per- 
formance in the А”-В” paradigm in Exp. II 


m 


PERCENT 
RESPONSES 


Fic. 1. Percentage of correct responses as a 
function of degree of stimulus and response simi- 


larity. 


was slightly higher than expected. These 
variations between Exp. I and Exp. II were 
attributed to sampling error. 

The combined observed percentages for 
Exp. I and II are presented in Fig. 1. Fig- 
ure 1 does not represent the entire generali- 
zation surface, which extends beyond the 
points plotted to the A-B, C-D paradigm. 
Although Fig. 1 reveals a strong effect for 
both stimulus and response dissimilarity, the 
effect of stimulus dissimilarity is revealed to 
be greater than the effect of response dis- 
similarity. 

A mixed analysis was conducted, with 
stimulus and response dissimilarity being 
treated as repeated measures and replication 
as independent measures (Lindquist, 1956). 
For Exp. I the stimulus and response effects 
were revealed to be significant, F (2, 132) 
= 5341; and F (2, 132) = 12.09, respec- 
tively, p < .01 in both cases. The Stimulus 
Dissimilarity X Response Dissimilarity inter- 
action was also significant, F (4, 264) = 
2.20, 01 < p < .05. No other effects were 
significant at the .05 level. For Exp. IT the 
stimulus and response effects were signifi- 
cant, F (2, 132) = 43.22; and F (2, 132) = 
7.78, respectively, р < .01 in both cases. In 
addition, the Response Dissimilarity X Repli- 
cations and the Response Dissimilarity x 
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TABLE 1 


PREDICTED AND OBSERVED PERCENTAGES FOR 
THE SIMULTANEOUS GENERALIZATION 
PARADIGMS 


Predicted per- | Observed per- 


Exp. Paradigm centage correct | centage correct 
1 A'-B' 47.2 15.8 
A-B” 41.7 54.2 
AB’ 36.1 37.5 
А”-В” | 31.9 25.0 
II A'-B' 38.9 47.2 
A'-B" 38.9 40.3 
A"-B' 33.3 31.9 
А”-В” 33.3 43.1 


| 
| 
| 


Stimulus Dissimilarity X Replications inter- 
actions were significant, F (10, 132) = 276; 
and F (20, 264) = 2.45, respectively, р < 
:01. The significant interactions were inter- 
preted as reflecting the fact that items in the 
various replications, selected from Haagen’s 
(1949) list, were not perfectly equated as to 
levels of similarity. No other effects were 
significant at the .05 level. 

Two predictions consistent with the notion 
that generalization can account for PA trans- 
fer were confirmed by these data. First, it is 
clear that Ss exhibited transfer of first-list 
associations to a second task involving, in the 
simultaneous case, both new stimulus and 
response terms. This transfer occurred 
without any Stage 2 learning trials. Second, 
increasing stimulus and response dissimilar- 
ity, as defined by Haagen’s (1949) scale of 
adjectives, did reduce the level of perfor- 
mance on Stage 2, 

Underwood’s (1966) suggestion that P. 
X Pp = С was examined by using the ob- 
served relative frequencies of choices for the 
А-В’, А-В”, A'-B, and A"-B paradigms to 
obtain predicted relative frequencies for the 
А-В’, A'-B", A"-B', and A"-B" paradigms. 
These predicted values together with the 
observed values for the four simultaneous 
generalization paradigms are presented in 
the form of percentages in Table 1. A 
comparison of these predicted and ob- 
served values for Exp. I showed the differ- 
ence to be significant for the A’-B” paradigm, 
x*(1) = 4.629, .01 < р < 05. For the A’-B’, 
A"-B', and A"-B" paradigms, x*(1) = .056, 
.060, and 1.597, respectively, р > 10 in all 


MICHAEL SHEA 


cases.* For the А-В’, A’-B”, A"-B', and A"- 
B" paradigms of Exp. П. x'(1) = 2.104, 
.058, .063, and 2.250, respectively, p > .10 
in all cases. 

These data supported the proposed gen- 
eralization formula, with the exception of the 
A'-B" paradigm scores in Exp. I. The ex- 
tremely accurate predicted value for the A 
B" paradigm in Exp. II suggests that this 
extremely high performance was due to an 
error of sampling. 

In spite of the support for the proposed 
generalization formula, one characteristic of 
the data, the greater effect of stimulus than 
response dissimilarity, was not predicted. 
This asymmetry in Exp. I was tentatively 
interpreted as resulting from Ss’ superior 
learning of the response items due to the di- 
rectionality of Stage 1 PA learning. How- 
ever, the reduction in the percentage of Stage 
1 test trials and the requirement that each 5 
read every word aloud on each presentation 
did not reduce the observed Stage 2 asym- 
metry in Exp. II, despite the fact that it 
should have insured familiarity with the 
stimulus item. In fact, the greater effect 
stimulus dissimilarity increased slightly fo" 
Exp. II. 

An alternative interpretation of this asy™ 
metry is available. On the Stage 2 test, tho 
stimulus item (A’) may elicit the generalize¢ 
response (B') directly or it may elicit E 
own synonym (A). The response A woul’ 
still lead S to the correct generalized TC. 
sponse. For example, the Stage 2 
(from Stage 1 PA item ANGRY-LITTLE ) 


unit 


1. CENTRAL 
2. PETITE 
3. HEAVY 


ENRAGED 


would be solved in three distinct steps: ENP 
RAGED eliciting ANGRY, ANGRY eliciting es 
TLE, and LITTLE eliciting PETITE. dis 
elicits A first, the three steps could be 
analyzed separately. The middle step wou » 
be performed correctly at a very high 18 á 


* Because the expected relative frequencies mm 
derived from data, there was some error variate 
associated with the expected values, Hence, te 
significance levels reported are only арргохі д5 
This application of the chi-square statistic 


recommended by I. Levin, University of Тома: 
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after Stage 1 learning. The difference be- 
tween the first and third steps would deter- 
mine the difference in degree of difficulty 
and therefore between the decrements for 
Stimulus and response dissimilarity, respec- 
tively. 

At Step 1, the item ENRAGED must elicit 
ANGRY from among all the different words 
associated with enraged in S’s vocabulary. 
Or, alternatively, ANGRY must be elicited 
from among the nine different adjectives that 
were presented in the stimulus position on 
Stage 1. In any case, none of these adjec- 
tives is presented to S in written form. At 
Step 3, however, PETITE need only be elicited 
from among three adjectives, all of which are 
presented in written form as foils. Hence, 
the greater difficulty of selecting the similar 
item on the stimulus side would be reflected 
in a greater performance decrement for ad- 
jectives of increasing dissimilarity. A third 
experiment was therefore designed to deter- 
mine if the generalized response is elicited 
directly or if the synonym is elicited as a first 
step. 


EXPERIMENT ПІ 


The multiple-choice test employed in Exp. 
I and II was replaced by a free recall task. 
Hence, Ss could respond either with the 
synonym or with the final generalized re- 
sponse that had been present as a foil in Exp. 
land Il. A measure of the relative strength 
of the two tendencies is given as a function 
of the proportion of opportunities on which 
only the synonym was given and the propor- 
tion of opportunities on which the response 
was the correct generalized response from 


Exp. I and II. 
Method 


, Design and material. 
lists were employed as in E 
2 test was prepared. For t е 2, 
lists were produced with nine adjectives at the 
left and nine blank spaces on the right. One of 
the nine adjectives was the stimulus term from 
the A-B, or identity, paradigm. The other eight 
Were the selected similar adjectives representing 
two A’ items, two A" items, two B' items, and 
two B" items. Because of the nature of the test, 
No exemplars would represent the four simul- 
taneous generalization paradigms; however, one 
Word from each of these exemplars was used to 


s—The identical Stage 1 
xp. II, but a new Stage 
he Stage 2 test, typed 
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provide a second A', A", B', or B" item. Two 
independent random orders were prepared for each 
of the six replications. 

Subjects—The Ss were 50 undergraduates en- 
rolled in elementary psychology at the University 
oí Iowa; none had served previously in this series 
of experiments. Two were dropped for failure to 
follow instructions on Stage 1. The Ss were 
randomly assigned to replications as in Exp. I and 
IL There were 2 males and 6 females in each 


replication. 

Procedure.—Stage 1 procedures were identical to 
those employed in Exp. П. On Stage 2, S was 
instructed that he would be presented with a list of 
nine adjectives, most of which were not on the 
Stage 1 list. The S was instructed to fill in the 
blank spaces with the word from the Stage 1 list 
that came to his mind when he saw the adjective 
presented on the typed page. The S was excused 
after completing the list. 


Results and Discussion 


On the second Stage 1 test trial the mean 
number of correct responses was 7.8. 

For Stage 2, either the selection of the 
synonym, which was the first step toward 
the final response, or the selection of the final 
generalized response was considered as a 
“correct” response. The total number of 
“correct” responses, expressed as a percent- 
age of the total possible selections, was 
81.3% for A-B, 66.7% for A-B', 30.2% for 
A-B", 57.3% for A'-B, and 33.3% for A"-B. 
Of those Ss who failed to respond correctly 
in ће А-В paradigm, 44.4% had not learned 
that PA item on Stage 1. 

These data revealed that when the method 
of testing did not involve a multiple-choice 
unit with foils on the response side, the stim- 
ulus vs. response asymmetry disappeared. 
In fact, in Exp. I and II, performance with 
the A-B" paradigm had been superior to that 
with both the A’-B and A"-B paradigms, but 
in the present study, performance with the 
A-B" paradigm was the poorest. 

An analysis of the "correct" responses re- 
vealed that Ss had given a synonym as a 
response to 83.9% of the stimulus items and 
had given the final generalization response to 
only 16.1% of the stimulus items. 

These data provided strong support for 
the notion that the stimulus word on Stage 2 
elicits its synonym, which in turn leads to 
the final generalized response. Thus, it is 
not implausible to analyze the separate steps 
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independently. This evidence, together WR 
the disappearance of asymmetry in this ex- 
periment, suggested that the greater stimulus 
dissimilarity effect observed in Exp. I and 
II was due to the structure of the generaliza- 
tion test, not to a higher degree of response 
learning, as opposed to stimulus learning, on 
Stage 1. 


GENERAL DISCUSSION 


The proposed formula, Py, X Рр = С is a 
general predictive statement that should hold 
true whether Ss’ initial response is the synonym 
or whether Ss respond immediately with the 
final generalized response. Because the predic- 
tions of performance in the simultaneous gen- 
eralization paradigms are based on performance 
in the А-В”, А-В”, A'-B, and A"-B paradigms 
in a within-Ss design, no systematic treatment 
differences are present, other than paradigms, 
with regard to the proposed formula, between 
Exp. I and П. Instead, fluctuations are quite 
probably due to sampling error. Figure 1, 
where the data from Exp. I and II are com- 
bined, reveals a surface that is quite smooth, 
despite the slightly irregular results obtained in 
Exp. I and II alone. When the two experi- 
ments were analyzed, only one of the eight 
comparisons of the obtained and theoretically 
expected proportions revealed a significant dis- 
crepancy between the two (p €.10), and the 
addition of further data supports the conclusion 
that this discrepancy was quite possibly due to 
chance. Since the statistical analysis in terms 
of chi-square involved acceptance of the null 
hypothesis, the conclusions reached must be 
regarded with a measure of caution. Never- 
theless, the data support the formula Pak Py 


A more precise description of the phenome- 
non under investigation and an evaluation of 
the generality of the Proposed formula can be 
obtained through further research. Two im- 
mediate methods of expanding the available 
data are evident. First, an entirely new sam- 
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ple of adjective pairs at various similarity 
levels should be obtained either from Haagen’s 
(1949) adjectives or from another set of words 
reliably rated for meaningful similarity. Sec- 
ond, the number of different similarity levels 
sampled should be expanded by future studies 
to include paradigms from A-B, A-B to A-B, 
C-D. The noticeably high performance in the 
A'-B" paradigm in Exp. I and the А”-В 
paradigm in Exp. П quite probably represented 
random deviations that appeared to be out of 
line merely because the response dissimilarity 
levels were so close together in these studies. 


REFERENCES 


Аввотт, D. W., & Price, L. E, Stimulus generali- 
zation of the conditioned eyelid response to struc- 
turally similar nonsense syllables. Journal of 
Experimental Psychology, 1964, 68, 368-371. 

Юликтт, К. M. The transfer surface peer 
ined. Journal of Verbal Learning and Verba 
Behavior, 1962, 1, 91-94, moo 

Haacen, C. H. Synonymity, vividness, familiar 
ity, and association-value ratings of 400 pairs 0 
common adjectives. Journal of Psychology, 1949, 
30, 185-200. SuSE 

Jarrett, R. E, & Scueme, К. Е. Associato 
chains and paired-associate learning. Journa 1 
Verbal Learning and Verbal Behavior, 1963, +} 
264—268. . "T 

LiwpQurisT, Е. Е. Design and analysis of ex? 
ments. Boston: Houghton Mifflin, 1956. Psy- 

Martin, E. Transfer of paired-associates. . 
chological Review, 1965, 72, 327-343. А лап 

Oscoop, C. E. The similarity paradox in ИШ 
learning: A resolution, Psychological Rev" 
1949, 56, 132-143. ae. ger 

Postman, І, The generalization gradient 1 Psy 
ognition memory. Journal of Experimental 
chology, 1951, 42, 231-235. New 

Unverwoon, B. J. Experimental psychology. 
York: Appleton-Century-Crofts, 1949, (2nd 

Unpverwoon, В. J. Experimental psychology- 1966- 
ed) New York: Appleton-Century-Crofts, sion 

WiwER, R. Osgood's transfer surface: Exten ап 
and test. Journal of Verbal Learning 
Verbal Behavior, 1964, 3, 274-279, 


(Received July 15, 1968) 


Journal of Experimental Psychology 
1909, Vol. 80, No. 2, 359-363 


PRONUNCIABILITY AND REHEARSAL TIME 
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The Ss attempted to memorize visually presented sequences of three trigrams 
that were either easy (E-Pr) or dificult (D-Pr) to pronounce. After 
being equated for performance at a 0-ѕес. retention interval, Ss received 
trials composed of presentation of the trigrams, a rehearsal period of 0, 5, 
or 10 sec., and a retention period of 0, 5, or 10 sec. The S was uninstructed 
regarding the rehearsal period and was engaged in backward counting during 
the retention period. The average exposure time required to equate per- 
formance at а 0-ѕес. retention interval was about 10 times as long for the 
D-Pr material as for the E-Pr material. At the 0-ѕес. level of rehearsal the 
retention functions for the E-Pr and D-Pr material began at the same point 
and then diverged, with performance for the E-Pr material the lower. At 
the 5- and 10-sec. levels of rehearsal the retention curve for the E-Pr 


material rose above that of the D-Pr material and the divergence disappeared. 
For both E-Pr and D-Pr mat 
retention functions. 


There is a substantial amount of evidence 
which indicates that the rated pronunciability 
of verbal items produces large facilitative ef- 
fects in paired-associate learning (Under- 
wood & Schulz, 1960, Ch. 7, 8, 10). The 
authors took the view that pronunciability 
reflected the degree of integration of the 
item; thus, during learning, an easily pro- 
nounceable item could be treated as a single 
unit rather than as separate letters. A 
somewhat more specific but related sugges- 
tion concerning the role of pronunciability in 
short-term memory (STM) has recently 
been made by Laughery and Pincus (1968). 
The facilitative effect of pronunciability was 
ascribed to the greater efficiency of rehearsal 
with easily pronounceable items; ie, the 
easier the item is to pronounce, the faster the 
item can be pronounced and the more mate- 
rial can be rehearsed per unit time. Some 
Support for the proposed relation. between 
rehearsal efficiency and pronunciability comes 
from a study by Newman and Williams 

1 This study was s incipally by a grant 
[owed соне pond "Research 
fitted by the сады the basis for a thesis sub 
the MS degree oY O in partial fulfillment or 

? Requests for бек жеры State University. 

uld be sent to Robert 


F. Stanners, Department of 
rs, D Psychol Oklahoma 
State University, Stillwater, Ollahorar 74074. 


erial, rehearsal had the effect of flattening the 


(1967) in which a strong positive relation- 
ship was found between speed of spelling or 
pronouncing and rated pronunciability. An 
experiment by Gorfein and Stone (1967) 
gives additional support to the view that pro- 
nunciability enhances rehearsal. In an STM 
task, difficult-to-pronounce items were pre- 
sented in one condition for intervals corre- 
sponding to their individual pronunciation 
latencies. In a second condition the same 
items were presented for a fixed interval cor- 
responding to the average of the individual 
pronunciation latencies. Average recall per- 
formance was found to be superior in the 
former condition. 

In neither the Laughery and Pincus 
(1968) nor the Gorfein and Stone (1967) 
experiments was the question considered of 
whether pronunciability has its effects in ac- 
quisition, in memory, or in both. As Under- 
wood (1964) has pointed out, the separation 
of the effect of a variable in acquisition from 
its effect in retention would require that a 
standard level of performance be established 
before the retention interval is introduced. 
The partitioning of the potential effects of 
pronunciability has taken on new interest in 
view of recent suggestions (Sperling, 1967 ; 
Waugh & Norman, 1965) that rehearsal is 
the mechanism by means of which material is 
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transferred from a memory store of very 
limited capacity to one of much larger capa- 
city. According to this view and the findings 
on pronunciability and speed of rehearsal, 
the easier the pronunciation of an item, the 
more rapid the transfer of material from one 
memory store to another. А 

In the present experiment, various levels 
of pronunciability and rehearsal time were 
combined in an attempt to discover interac- 
tive performance effects that would provide 
information on the relation between рго- 
nunciability and rehearsal efficiency. In 
addition, a technique was employed that 
established a standard level of acquisition 
well below 100% prior to the introduction 
of retention intervals. It was felt that the 
latter manipulation would provide a separa- 
tion of the effects of pronunciability in acqui- 
sition and in retention and also might provide 
information on the question of a single-stage 
vs. a multistage model of retention. 


METHOD 


Subjects—The Ss were 144 student volunteers 
from the introductory psychology course at Okla- 
homa State University. As an inducement to par- 
ticipate, the students received a small credit toward 
their final course grade. 

Material—The 239 trigrams scaled by Under- 
wood and Schulz (1960) for pronunciability (Pr) 
were rank-ordered according to Pr value. Five 
trigrams were discarded, leaving 117 trigrams in 
a high-Pr (D-Pr) group and 117 in a low-Pr 
(E-Pr) group? Within each Pr group the 117 
trigrams were assembled into thirty-nine 3-trigram 
sets of triplets. The restrictions on forming the 
triplets were that the same letter not Occur in the 
same position of any trigram within a triplet and 
also that the range of average Pr values for the 39 
triplets within a group be minimized. Ten triplets 
that were representative of the range of mean Pr 
values were selected from each Pr group. These 
20 triplets were set aside for use in the determina- 
tion of the exposure time for the retention tests. 
Five triplets were discarded from each group, bring- 
ing the number ber group to 24, a convenient value 
for distributing the triplets over the conditions of 
the experiment and also for counterbalancing pur- 
poses. The range of average Pr values in the 


3 Ease of pronunciation in th 
wood and Schulz (1960) is inversely related to 
scale value. Therefore, to minimize the possibility 
of confusion, the terminology “easy to pronounce" 
(E-Pr) and “difficult to 


f pronounce" (D-Pr) is 
used in the remainder of the present report, 


€ Pr scale of Under- 
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E-Pr group was 2.46-2.93; the corresponding range 
for the D-Pr group was 6.06-6.46. The triplets 
were typed on Radio Mats horizontally with a 
single space between each trigram and mounted in 
35-mm. slide holders. Twenty-four additional slides 
were prepared, each with a randomly selected threc- 
digit number. 

Procedure and design—The slides were pre- 
sented by back projection to a height of 1.5 in. onto 
a 12 X 12 in. Plexiglas screen. The S was seated 
at a distance of 36 in. from the screen. The basic 
presentation equipment consisted of two Kodak 
Carousel projectors equipped with solenoid-operated 
shutters and programmed by an 8-bank Lafayette 
timer. : 

In the initial portion of the experimental session 
(pretesting) the exposure time to be used on the 
subsequent retention trials was determined for 
each S. The purpose of the pretesting session was 
to establish an exposure interval that would place 
each S at a standard level of performance (six tO 
eight correct letters in correct positions) for ? 
Ü-sec. retention interval. The materials used 11 
pretesting were the 10 slides previously selected 45 
being representative of the particular Pr group: 
The exposure time used for the first slide of this 
series was .5 sec. for the E-Pr material and 5.0 um 
for the D-Pr material Data collected in a pilot 
experiment were used to determine the exposure 
time for the initial slide of the pretesting session. 
A red pilot lamp mounted below the screen W35 
used to signal the beginning of the recall period ап 
came on with the offset of the slide. The et 
was illuminated with a homogeneous blank qoe 
both preceding and following the presentation of t Я 
slide. The S was instructed to write his recall ne 
a scoring sheet with spaces corresponding to D 15 
spatial arrangement of the slide. Over the 9 ios 
of pretesting that followed the initial slide, UM 
exposure interval was increased or decreased Mh 
S reached a performance criterion of six to, big 
correct letters in correct positions. The SIE te- 
the changes in exposure time with the E-Pr m? 
rial varied from .05 to .1 sec.; with the Drs 
material the range was .5-1.0 sec. А 10-sec. pio 
mum for exposure times was established, and “be 
Ss in the D-Pr group were discarded from ya 
experiment on this basis. The recall period "ihe 
unregulated up to a maximum of 10 sec. and ^. 
intertrial interval was 30 sec. All Ss re f 
10 trials in pretesting regardless of the number ish 
trials (fewer than 10) actually required to esta in 
the criterion time. The exposure time resulting i 
the criterion of six to eight correct letters was Wat 
throughout the second portion of the exper en. 
during which the retention measures were i me 

In the second part of the experiment the Saca- 
procedure was used with the following modi was 
tions: The offset of the slide with the triplet Я 
followed by an illuminated blank-screen (геһеаг |, 
period of 0, 5, or 10 sec. that was in tut? ^d 
lowed by a Peterson and Peterson (1959) back rie 
counting task for an additional 0, 5, ог 10 sec 
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S was uninstructed regarding the rehearsal period. 
At the end of the rehearsal period, S was instructed 
to say aloud a three-digit number that was pre- 
sented on the screen for a l-sec. interval and then 
to count backward by threes in time with a white 
pilot lamp that flashed at a .75-ѕес. rate. The 
onset of the red lamp occurred with the offset of 
the white lamp and signaled the beginning of the 
recall period. 

The three rehearsal periods and two levels of Pr 
Were orthogonal to each other and were manipulated 
between Ss with 24 Ss used in each of the six 
subgroups. The Ss were assigned randomly to the 
subgroups with the restriction that the Nth S 
not be assigned to a given subgroup until М —1 Ss 
had been assigned to all other subgroups. Counting 
period was a within-Ss variable with eight slides 
assigned to each of the three levels. The counter- 
balancing procedure for the retention tests was as 
follows: Each slide occurred equally often in each 
of the 24 serial positions, in each rehearsal period, 
and at each level of counting period. Six different 
Orders of the counting periods were used. 


RESULTS 


The first analysis was concerned with es- 
tablishing the equality of performance at a 
O-sec. level of retention among the six sub- 
groups formed by the combinations of Pr and 
rehearsal period (R). The Ss were scored 
for the last three trials of pretesting on the 
basis of the number of correct letters re- 
called in correct positions. As indicated in 
Table 1, the means for the subgroups are 
very similar. A 2X 3 analysis of variance 
revealed no significant main effects or inter- 
action, The .05 level was adopted as the 
minimum level for an effect to be considered 
significant in all the statistical analyses. 

The exposure times required to produce 
the criterion level of performance and then 
Subsequently used in the retention session 
were likewise subjected to a 2x3 factorial 
analysis of variance. The only significant 
effect was Pr, F (1, 138) = 11425; * this 
difference was very large, a mean of 5.61 sec. 
in the D-Pr group and .54 sec. in the E-Pr 


+ As is indicated in Table 1, there was а sub 
stantial difference in the variability of the time 
scores between the levels of Pr. However, а 
score transformation to reduce the discrepancy Was 
not deemed Necessary because of the extremely 
large difference in score values between the dis- 
tributions. The highest score im the E-Pr group is 
86 sec.; the lowest score in the D-Pr group is 
3.13 sec. 
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TABLE 1 
MEANS AND STANDARD DEVIATIONS OF PRETESTING 
ScorEs ( TRIALS 8-10) AND EXPOSURE TIMES 
USED For THE RETENTION TESTS 


Rehearsal period 


Statistic 0 sec. 5 sec. 10 sec. 
E-Pr | D-Pr| E-Pr | D-Pr| E-Pr | D-Pr 
Pretesting анн | 6.68 p 6.42 | 6.51 | 6.50 | 6.38 
5р : | .76| .94| .95 | 1.04 | 1.10 | 1.16 
Eo time | E s E эз | зо | 5.74 
рее al . 1.33 | .18 | 1.33 


group. Within levels of Pr the means of 
exposure times for the various levels of R 
are highly similar, as shown in Table 1. 

For the retention portion of the experi- 
ment, each S was assigned three scores, one 
for each of the counting periods (C). Each 
score was the number of letters in correct 
positions over the eight trials of one of the 
counting periods. The performance means 
for all combinations of variables are depicted 
in Fig. 1. The main analysis was a three- 
factor analysis of variance performed on the 
retention scores with R and Pr as between- 
Ss variables and C as a within-S variable. 
The significant main effects were EUR Oy 
138) = 41.18, р < .001; and C, F (2. 276) 
— 488.52, p « .001. As indicated in Fig. р 
R produced a large facilitatory effect on 
performance and C a strong inhibitory ef- 
fect. The significant interaction effects were 
as follows: Pr x К, F (2, 138) = 14.34. р 
<.001; CXR, Е (4, 276) = 15.08. p< 
.001; and C x Pr, F (2, 276) = 3.79, p < 
.05. 

The first series of subanalyses consisted 
of a two-factor analvsis of variance for each 
level of R. A divergence of the retention 
functions at the O-sec. level of R is depicted 
in Fig. 1, with performance for the E-Pr 
group below that of the D-Pr group. The 
analysis of variance confirmed the graphical 
results: the C X Pr interaction term was sig- 
nificant at the .001 level, F (2, 92) = 8.96. 
Recall performance was virtually equal for 
the E-Pr and D-Pr material at а 0-sec. 
retention interval, but was differentiallv af- 
fected by retention periods in which S was 
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Fic. 1. Mean number of correct letters as a function of counting period 
and rehearsal period. 


kept occupied by the counting task. The 
closeness of the means for the E-Pr and D-Pr 
subgroups at the O-sec. level of C provides 
additional evidence that the pretesting was 
successful in equating the Pr groups at a 
O-sec. retention interval. 

The major features of the data at the 5- 
and 10-sec. levels of R are the striking re- 
arrangement of the relationship between the 
E-Pr and D-Pr retention functions (cf. Fig. 
1) and the lack of divergence. At neither 
level of R was the C X Pr interaction term 
significant. 

If performance at only the O-sec. level of 
C is considered for the E-Pr materials, the 
difference between performance at the 0- and 
5-sec. levels of R represents an inverse for- 
getting effect such as that reported by Craw- 
ford, Hunt, and Peak (1966). This differ- 
ence was tested by means of the Newman- 
Keuls procedure (Winer, 1962, Ch. 3) and 
found to be significant, q (6, 138) — 5.06, 
p < .01. Without the counting task, per- 
formance was better after a 5-sec. rehears 
period than immediately after presentation. 

The question of rehearsal e 
of interest to know whether 
nificant change in the slopes 
functions over levels of R fi 
Pr taken separately. Fort 
the C X R interaction was 
.001 level, F (4, 138) = 17, 
material the C X R interaction was also sig- 
nificant, F (4, 138) = 3.17, p < 025, 

The drastic change in the pattern of means 
from the 0-ѕес. level of R on the one hand to 


al 


fficiency made it 
there was a sig- 
of the retention 
or each level of 
he E-Pr material 
significant at the 
82; for the D-Pr 


the 5- and 10-sec. levels on the other, as 
shown in Fig. 1, suggested that an analysis 
directly reflecting this change would be diet 
ful. A three-factor analysis of variance Wā 
done for the 0- and 5-sec, levels of R an 
another for the 5- and 10-sec. levels. T: 
only difference between the results of th 
main analysis and that for the 0- and ye 
levels of R is that the three-factor pagers 
term was significant in the latter, F (2, ee 
= 3.65, p < .05. As depicted in Fig. 1, p^ 
slope of the retention function for the E- 
material changed more between the 0- A 
5-sec. levels of R than did the slope. of 
retention function for the D-Pr material. the 
As would be anticipated from Fig. 1, ac 
analysis of variance for the 5- and a 
levels of R indicated no significant main Wt 
fect of R, nor did any of the interaction aer 
approach a conventional level of significa? 


Discussion 


Two aspects of the results support the Y 
that rehearsal efficiency was higher wit 
E-Pr material than with the D-Pr materi get 
5-sec. rehearsal period produced a much 14 fof 
increase in the overall level of retention? ial. 
the E-Pr material than for the D-Pr mat 
Additionally, there is a greater degree 0 
tening of the retention function for the „вес. 
relative to the D-Pr material when the level 
level of R is compared with the 5-sec- uisi 

Using the conventional definitions of acd"; 
tion and retention, it appears that Pr effect 
effects in both processes. The acquisition © se 
is indicated by the tremendous time “advan” tpe 
for Ss given the E-Pr material in attaining? re" 
criterion level of performance at a 0-5€€ 


jew 
he 
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tention interval. The memory effect is shown 
by the fact that a 5-sec. rehearsal period, dur- 
ing which the only availability of the material 
was through some memory process, had a much 
larger facilitatory effect with the E-Pr mate- 
rial as compared to the D-Pr material. An 
implication of the remarks on rehearsal effici- 
ency and the effect of Pr on memory is that 
rehearsal was the mechanism through which 
Pr affected retention. This point will be con- 
sidered more specifically in the latter portion 
of the discussion. 

Certain aspects of the results favor a two- 
State conception of memory. The divergence 
of the retention curves at a 0-ѕес. level of К 
indicates that the D-Pr material was in a state 
that was less adversely affected than was 
the E-Pr material by retention periods in which 
S was distracted by backward counting. After 
a S.sec. rehearsal period, during which S was 
Out of direct sensory contact with the material, 
two performance changes occurred for the E-Pr 
material that imply a change in memory 
State, There was a sizable inverse forgetting 
effect, and the adverse effect on retention of 
the counting periods was very much reduced. 
The latter type of change also occurred for 
the D-Pr material when all three levels of R 
are considered. 

A model that has been proposed by Waugh 
and Norman (1965) could explain the results 
of the present experiment if two additional 
assumptions are made. The assumptions are 
that Pr reflects the integration or encodability 
of the material as well as the level of rehearsal 
efficiency. According to the model, the first 
state of memory is of very limited capacity, and 
there is a rapid memory loss produced by the 
cessation of rehearsal. The second memory 
state is both more commodious and less ad- 
versely affected by stopping rehearsal. In the 
present experiment, performance at the O-sec. 
level of R would reflect a different distribution 
of the E-Pr and D-Pr material in the two 
memory states, More of the E-Pr material as 
compared to the D-Pr material would have 
been in the first memory state in a relatively 
highly encoded form. The much longer ex- 
Posure interval for the D-Pr material would 
have allowed more of it to be transferred to 
the second, more stable memory state but in 
a less highly encoded form, i.e, in smaller 
chunks. Thus a divergence of the retention 
functions would be expected at the 0-sec. level 
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of R, with a smaller retention loss for the D-Pr 
material. Performance at the 5-sec. level of R 
would reflect the relatively larger effect of re- 
hearsal with the larger sized chunks for the 
E-Pr material. Proportionately smaller effects 
would be expected—and were obtained—with 
the D-Pr material because the transfer of the 
smaller chunks would result in relatively fewer 
letters. 

An important difference between the results 
of the present study and those of many other 
experiments on STM is in showing clearly the 
substantial changes in performance that oc- 
curred after S was out of sensory contact with 
the material, ie. during memory. The major 
reason for this difference may be the fact that 
the level of acquisition was well below 100% 
and equalized across the levels of Pr and re- 
hearsal prior to the measurement of retention. 
It would seem that the type of methodology 
used in the present experiment could be use- 
fully employed in the study of other phenomena 
in STM. 
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Two studies explored the relative effectiveness of instructions, imitation, 
and reinforcement for altering a word association response. The Ss were 
trained by one of the above procedures to produce syntagmatic word associ- 
tions to a list of stimulus words (List A). A second list (List B) con- 
tained new words as well as words presented on List A and was presented 
immediately (Exp. II) or 2 or 7 days (Exp. I) following List A with 
instructions to give the first response which came to mind. In both experi- 
ments, groups performed as follows with respect to number of syntagmatic 
responses to List A: instructions > imitation > reinforcement > control. In 
Exp. I, only the imitation and reinforcement groups showed increased 
syntagmatic responding to List B; in Exp. II, the instruction, imitation, 


and reinforcement groups all demonstrated such increased responding. 


Although the more “basic” nature of learn- 
ing evades description, several procedures 
consistently provide effective means for pro- 
ducing alterations in the performance of an 
organism. Research concerning these phe- 
nomena has tended to be confined to the 
singular study of each, e.g., the varying of 
reinforcement schedules (Ferster & Skinner, 
1957) or of response consequences to a 
model (Bandura, Ross, & Ross, 1963). It 
would seem that a comparative approach 
could provide meaningful data since it might 
reflect the relative effects of different pro- 
cedures for changing performance on a task. 

Few studies have attempted a comparison 
between the various learning paradigms. 
Bandura and Walters (1963) report an un- 
published study by Staples, Wilson, and 
Walters (1963), which compared the effec- 
tiveness of contingent rewards and modeling 
for increasing verbal productivity among 
chronic schizophrenics. In a more recent 
study, Beilin (1965) compared a nonverbal 
reinforcement procedure (the dispensation 
of a token) and rule instructions as training 
procedures for the induction of conservation 
of number, length, and area in kindergarten 


children. А 
The present studies compared the relative 


1 Requests for reprints should be sent to John C. 
Masters, Institute of Child Development, Univer- 
sity of Minnesota, Minneapolis, Minnesota 55455. 
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effectiveness of instructions, modeling, and 
reinforcement procedures for inducing a 
change in the type of word association 
emitted by college-age Ss. Whereas young 
children tend to give word associations that 
could precede or follow the stimulus word in 
a sentence (syntagmatic associations), older 
children and adults tend to give associations 
of the same part of speech as the stimulus 
word (paradigmatic associations) (Brown 
& Berko, 1960; Ervin, 1961). It has been 
proposed that inducing adults to give syntag- 
matic word associations may force them to 
inhibit a prepotent paradigmatic response 
(Masters & Anderson, 1968; Mednick 
1962). | 
: Two experiments were conducted in which 
instructions, modeling (the use of exam- 
ples), and social reinforcement were used to 
induce Ss to give syntagmatic word associa- 
tions. The comparison is thus proposed to 
be in terms of the effectiveness of these pro- 
cedures for inducing the performance of а 
response already in S’s repertoires and in- 
hibiting a more prevalent response. 

Two experiments were performed in order 
to compare the three procedures in terms of 
(a) their effectiveness for producing immedi- 
ate behavior change, (b) the stability of а 
produced change over varying intervals of 
time, and (c) the capacity to produce the 
changed response type to new stimuli. 


ALTERING WORD ASSOCIATION RESPONSES 


Masters and Anderson (1968) found that 
instructions to “be as original as possible” 
in their word associations induced adult Ss to 
Produce more original word associations and 
also to increase their production of syntag- 
matic responses. As a follow-up to this 
study, an originality-instructed group was in- 
cluded in the present experiments, Since the 
data from this group are tangential to the 
point of this article, they will be reported 
but not discussed in detail. 


Р METHOD 
Subjects 


. The Ss for both experiments were drawn from 
introductory Psychology classes at Arizona State 


University, Every group, within each study, con- 
tained six 55,2 


Procedure 


All Ss received two lists of stimulus words, List 
A and List B. List order was not counterbalanced, 
and List A always served as the vehicle for the 
experimental manipulations. In Exp. I, the time 
between the administration of the two lists was 
varied, being either 1 wk. or 2 days. In Exp. II, 
both lists were presented at the same experimental 
session. 

The Ss signed up for an experiment that was 
listed as being under the direction of a faculty 
member not in fact associated with the experiment, 
The junior author conducted this portion of each 
experiment, posing as a research associate of the 
confederate faculty member. The Ss were told 
that they would participate in two separate ex- 
periments that had been combined Since both 
were short. The first E professed ignorance of the 
nature of the second experiment. For Exp. I, $ 
was to make an appointment with the Secretary for 
the second session, while in Exp. II he remained in 
the same room. Thus, for Exp. I there were two 
different experimental rooms and two different Es, 
While for Exp. II there was neither. 

List A instructions.—The administration of List 
A constituted the experimental manipulation. Tt 
Was explained to Ss that they would be shown a 
Word written on a card and that they were to say 


out loud a word that seemed to be related to the 
word on the card, 


Following these 
manipulation Was e 
ceived no more inst 
was given instruct 
es 


instructions, the experimental 
ffected. The control group re- 
ructions. An instruction group 
ions to give associations that 


2 The authors wish to express their gratitude to 
Michael Amos апе especially to Doyle McCul- 
lough for their services as Es for the administra- 
tion of List B. List 4 and the experimental ma- 


nipulations were always administered by the junior 
author, d 
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could "follow or precede the stimulus word in a 
sentence." The imitation group was given six 
examples, such as "Most people would say the 
word ‘window’ to the stimulus word ‘door’ On 
the other hand, we want you to say words like 
‘open’ or ‘closed.’” There were two examples us- 
ing a noun as stimulus word, two using a verb, and 
two an adjective. The reinforcement group re- 
ceived no further instructions, but was given social 
reinforcement by E following all syntagmatic word 
associations produced. Ten oí the first 20 words 
on List A were stimuli that typically elicit a 
syntagmatic word association from college Ss (Pa- 
lermo & Jenkins, 1964). For reinforcers, E used 
positive comments, such as "That's a good one," or 
"Good!" The originality-instructions group re- 
ceived instructions to “be as original as possible” in 
their word associations while still producing asso- 
ciations that were related to the stimulus word. 

List В instructions АП Ss in all conditions of 
both experiments received similar instructions prior 
to the administration of List B. The Ss were told 
that the experiment was concerned with “auto- 
matic” responses and that they should give the first 
word which came to mind. Also, in this portion 
of each experiment, S heard E read the stimulus 
word and wrote his responses down on single 
pieces of paper. 

Construction of the stimulus lists—Words for 
the stimulus lists were selected from a book of 
word association norms (Palermo & Jenkins, 1964). 
Acceptable words were those to which approxi- 
mately 5096 or more of the college population 
responded with one of the four most popular re- 
sponses. Stimulus words were categorized accord- 
ing to whether they elicited primarily paradigmatic 
responses  (high-paradigmatic), tagmatic re- 
sponses (high-syntagmatic), or words which were 
"even" in the distribution of paradigmatic and 
Syntagmatic words among the four most common 
responses. 

List A contained 20 high-paradigmatic stimulus 
words, 10 high-syntagmatic, and 22 even stimuli for 
a total of 52 stimulus words. List B contained 54 
high-paradigmatic stimuli, 0 high-syntagmatic, and 
10 even stimuli for a total of 64 stimulus words, 
Of these 64 words, 30 had appeared on List A as 
well (20 high-paradigmatic, 10 even) and 34 were 
new stimuli, all of which were high-paradigmatic. 

Syntagmatic scoring.—All the scoring was done 
by the junior author, When the scorer could con- 
struct a sentence containing the stimulus and 
response words immediately adjacent to each 
other, and when the two words were not of the 
same part of speech, the response was scored as 
syntagmatic. Those stimulus-r. 
were of the same part of 


into this latter category 
nt agreement of both au- 


Latencies were measured for responses to both 
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lists. The timing was done by E using a stop- 
watch. These data were gathered for purposes 
other than those of the present article and will 
not be reported in detail. 


RESULTS AND DISCUSSION 


A pilot study indicated that not all Ss as- 
signed to the reinforcement group responded 
to the shaping procedure. A minimum cri- 
terion for inclusion in this group was set at 
30% syntagmatic, or 13 syntagmatic re- 
sponses out of the 42 possible on List A. 
Ten Ss were excluded because they did not 
meet the criterion. A comparison was made 
between the control group and the reinforce- 
ment group including all Ss not meeting the 
criterion, revealing a highly significant differ- 
ence (2 = 2.87, р < .002). This indicates 
that the reinforcement group was not simply 
a control group from which individuals with 
a low base rate for syntagmatic responding 
had been excluded. 

Data analyzed were the number of syntag- 
matic responses produced by Ss. For all 
analyses, the Duncan multiple-range test was 
used to perform individual comparisons 
among the experimental conditions. 


Performance on List A 


In Exp. I, scores were transformed by 
squaring before being subjected to an analy- 
sis of variance. This analysis revealed a 
strong effect due to the experimental condi- 
tions, F (4, 50) — 6773, p « .001, but no 
effect in delay time, F < 1, and no interac- 
tion, F = 1.01. For Exp. II, scores were 
transformed by a square-root transformation. 
Again, a strong effect of conditions was re- 
vealed, F (4, 25) = 23.69, р < .001. For 
both experiments, the instruction group pro- 
duced the most syntagmatic responses, fol- 
lowed by the imitation group, the reinforce- 
ment group, the originality-instruction 
group, and, finally, the control group. The 
individual comparisons indicated that the 
means for the originality-instructions and 
control groups did not differ from each other, 
but that they both differed from all other ex. 
perimental conditions and that the other con- 
ditions are each significantly different from 
each other. There appears, then, to be a 
reliable tendency for the various manipula- 


tions to differ from each other in the effec- 
tiveness with which they produce immediate 
behavior change. This ordering is instruc- 
tions > imitation > reinforcement > con- 
trol/originality instructions. 


Performance on List B 


Analyses of performance on List B were 
done separately for responses to stimuli 
that had appeared on List A (familiar 
stimuli) and responses to stimuli that had 
not (unfamiliar stimuli). 

Familiar stimuli—For Exp. I, analysis of 
variance revealed a strong effect of the ex- 
perimental conditions, F (4, 50) = 6.52, р < 
:001, but no effect of the delay time between 
Lists A and B, F « 1, and no interaction ef- 
fect, Е < 1. For Exp. II, analysis of vari- 
ance indicated that there was a strong effect 
of conditions, F (4, 25) = 4372, p « .001. 
Again, the individual comparisons were gen- 
erally in accord for both experiments. The 
imitation and reinforcement groups contin- 
ued to produce significantly more syntag- 
matic responses than did the control group. 
Although the two delay times manipulated 
in Exp. I did not show differential effects 
or any interaction with experimental condi- 
tions, reducing this delay to zero, as was done 
in Exp. II, did have an effect. For Exp. II, 
the instruction group, as well as the rein- 
forcement and imitation groups, produced 
significantly more syntagmatic responses 
than did Ss in the control condition. 

Unfamiliar stimuli.—For Exp. I, analysis 
of variance revealed a marginal effect of 
conditions, F (4, 50) = 2.23, .05 <р < .10, 
and no effect of delay period, F < 1, or inter- 
action between delay period and conditions, 
F <1. For Exp. II the data were subjected 
to a square-root transformation. An analy- 
sis of variance revealed a significant effect of 
conditions, F (4, 25) = 4.30, р < 01. For 
Exp. І, Р tests comparing the imitation and 
reinforcement groups against the other 
groups pooled indicated a significant differ- 
ence between the reinforcement group and all 
others, t (46) = 2.50, р < .02, and a less re- 
liable difference between the imitation group 
and all others, t (46) = 193, р < 10. For 
Exp. П, individual comparisons indicated 
that the instruction, imitation, and reinforce- 


ALTERING WORD ASSOCIATION RESPONSES 


ment groups all continued to produce a 
greater number of syntagmatic responses to 
entirely new stimuli than did either the con- 
trol or originality-instruction groups. It 
would appear that any transfer of effects 
from the imitation or reinforcement training 
conditions to a later time is reliable only 
when the same stimuli (room, E) are in- 
volved or when any temporal delay or situa- 
tional change is eliminated. That any of 
the conditions are able to continue to show 
change is impressive since the unfamiliar 
stimuli were all words that typically elicit 
paradigmatic responses from Ss and were 
given under instructions to give one's first 
associative response. 

The data are quite clear in indicating defi- 
nite and consistent relationships among the 
conditions compared. For example. in both 
studies the groups arranged themselves iden- 
tically in the order of initial effectiveness for 
altering an individuals word association 
type: instruction > imitation > reinforce- 
ment > controls/originality instructions. 
The consistency of these relationships, how- 
ever, is only applicable during the actual 
learning experience. It is not surprising, 
perhaps, that instructions are more effective 
at this time than is reinforcement since the 
instructions were given before the list of 
words were presented, while reinforcement 
occurred during the presentation. However, 
the imitation manipulation (the presenta- 
tion of examples) also occurred before the 
list of words was given, and this group also 
evidenced initial performance that was in- 
ferior to that of the instruction group. 

The instruction group, after showing 
nearly perfect performance on List A, then 
evidenced little transfer except in the limit- 
ing case of Exp. IT. This may indicate that 
Tote performance or practice has little effec- 
tiveness for eliciting such transfer to different 
situations. The tendency in Exp. I for the 
instruction group to show the highest syn- 
tagmatic performance on List A and a rate 
no different from the control group on List B 
suggests that the instructions may have en- 
couraged discriminative responding. Only 
in Exp. IT, when the situations under which 
the two lists were administered were similar, 
did the instruction group show some transfer, 
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whereas the imitation and reinforcement con- 
ditions showed transfer as well to familiar 
stimuli following a temporal delay. 

One may speculate that the imitation and 
reinforcement groups derived a rule from 
their experiences. That these groups 
showed a suggestive tendency to respond 
syntagmatically to new stimuli indicates that 
their behavior was indeed governed by a rule 
that could be and was applied to new 
instances. 

Assuming that the instruction, reinforce- 
ment, and imitation groups were all generat- 
ing their responses via some rule, a differ- 
ence seems apparent in the rules they had at 
their disposal. The instruction group was 
given a rule verbatum. On the other hand, 
it was necessary that the imitation and rein- 
forcement groups extract or deduce the cor- 
rect response mode from a sample of be- 
havior. The imitation group was given the 
behavior sample via the examples. The rein- 
forcement group had a corpus of examples 
from their own behavior, reinforced re- 
sponses being positive instances and nonrein- 
forced responses negative. 

One hypothesis would be that the effective- 
ness of verbally given rules differs from that 
of rules that are not verbalized. Although 
formal data were not gathered. incidences 
of incorrect rules that were spontaneously 
proposed by Ss in the imitation condition 
(e.g.. "Oh, you don't want me to give oppo- 
sites.") suggest that the response rules de- 
rived by this group and perhaps by the rein- 
forcement group were not in verbal form. 
It may be that verbally given rules or in- 
structions hold less permanent sway over 
behavior than do rules derived from S’s own 
behavior consequences (the reinforcement 
group). 

The current results are highly suggestive 
for future research. The observed tendency 
for the imitation and reinforcement groups 
to produce transfer to new stimuli needs a 
more reliable demonstration. An attempt 
should now be made to specify the temporal 
(and other) conditions under which instruc- 
tions, imitation, and reinforcement differ in 
their tendencies to promote generalization to 
new stimuli. Finally, a new dependent vari- 
able, perhaps a motor behavior, should be 
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used to determine the generality of the 
present findings since there is a possibility 
that the relative effects observed in this 
study apply only to verbal behavior. 
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POSITIVE VERSUS NEGATIVE INSTANCES IN CONCEPT 
IDENTIFICATION PROBLEMS MATCHED FOR LOGICAL 
COMPLEXITY OF SOLUTION PROCEDURES 


MICHAEL DAVIDSON! 


University of Rochester 


Previous research has coníounded the positive-negative instance difference 
with a logically irrelevant difference in the difficulty of procedures required 
to identify the concepts. The present experiment separates the two factors 
by inverting the problem for half of the Ss. Тһе results show that a general 
detrimental effect of negative instances is either weak or absent. 


It is widely believed that negative in- 
stances are less useful than positive instances 
in solving concept identification problems, 
even when from a logical point of view they 
are equally informative. The basis for this 
belief is the research by Hovland and Weiss 
(1953) and the replication by Freibergs and 
Tulving (1961), both using problems devel- 
oped by Hovland (1952). But it can be 
argued that the greater difficulty in solving 
Hovland's problems from negative instances 
arises not because the instances are negative, 
but because it happens on these problems that 
the necessary solution procedure is more 
complex when the instances are negative 
than when they are positive. 


LocicArL ANALYSIS ОЕ A HOVLAND Concept 


Consider the universe of instances with 
three dimensions (number, color, and shape 
of figure) and four possible values of each 
(one, two, three, or four; red, green, yellow, 
or blue; circle, square, triangle, or hexagon). 
Within each of the 64 possible instances, all 
the figures (if more than one) are the same. 
A typical Hovland concept would be 


(one, two, or three) : 
and (circle, square, or triangle) ; [1] 


(one red Square) and (three blue circles) are 
positive Instances, but (one red hexagon) 


1 Тһе help of Joseph Sherer, who served as E, 
and of Judith Chapman Purvis, who aided in the 
logical analysis, is gratefully acknowledged. 

Requests for reprints should be sent to Michael 
L. Davidson, Department of Psychology, University 
of Rochester, River Campus Station, Rochester, 
New York 14627. | 


and (four yellow triangles) are negative. 
There are 48 such concepts on this universe 
(choose two attributes to be relevant, then 
three positive values for each), and the prob- 
lem is always the following: Given four posi- 
tive or four negative instances, find which of 
the 48 concepts holds. 

Positive instances.—There are б* differ- 
ent sets of four positive instances (disre- 
garding the arrangement of the four) which 
uniquely select Concept 1 from the 48 pos- 
sible concepts. They are all exemplified by 
the set [two red circles, one green square, 
three blue squares, two yellow triangles] ; in 
all cases, the four values of the irrelevant at- 
tribute and the three positive values of each 
relevant attribute are manifest in the four 
instances. This means that a simple two- 
step procedure will always solve the problem: 
(a) Eliminate the attribute with all four 
values present; and (5) read the remaining 
six values as the concept’s name. Note in 
particular that the ways in which values are 
combined with instances are of no concern. 

Negative instances.—There are 2(6*) dif- 
ferent sets of four negative instances which 
determine that Concept 1 is the answer. 
Examples are [four red circles, four green 
squares, one red hexagon, two yellow hexa- 
gons] and [four red circles, four green 
circles, one red hexagon, two green hexa- 
gons]. In all cases, two of the instances fail 
on one attribute and two on the other ; note 
in each example two with four figures and 
two with hexagons. The irrelevant attribute 
may have all four values, three values, or 
only two values manifest. One of the rele- 
vant attributes (shape in the example) may 
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have either two or three values manifest. A 
solution procedure which always works is to 
(a) find two instances with a value in com- 
mon, and then (b) see whether the other two 
instances have a value in common on a differ- 
ent attribute. If not, return to Step a. If 
so, (c) the two values found make the in- 
stance negative; the concept's name is the 
other three values on each attribute. 


EXPERIMENTAL PROBLEM 


The logical analysis of the Hovland prob- 
lems suggests that Ss' trouble with negative 
instances may be due in part to the appar- 
ently greater subtlety of the necessary solu- 
tion procedure. At the extreme, perhaps the 
fact that the instances are negative causes by 
itself no difficulty. Fortunately, there is a 
simple way of experimentally separating the 
question of logical complexity from that of 
positive vs. negative instances. 

The concept 

(four) or (hexagon) 


(2] 
is precisely the complement or "mirror 
image" (Hunt, 1962) of Concept 1; any in- 
stances which are positive for one are nega- 
tive for the other. Thus Ss can be given 48 
concepts like Concept 2 and asked to select 1 
on the basis of four positive or four negative 
instances. Now the logically more difficult 
procedure will apply to the case of positive 
instances, and the simpler one will do for 
negative instances, except for a slight modi- 
fication of the final step in each case. 


METHOD 


Subjects—Sixty students from an introductory 
psychology course were run individually as Ss, 15 
in each of four groups. Two of the groups were 
given concepts like Concept 1; these will be called 
the conjunctive concept (C) groups (this name 
does not imply, of course, that Concept 1 is a 
simple conjunction). The other two groups worked 
with disjunctive concepts (D) like Concept 2. 
Of each pair of groups, one solved problems from 
positive (P) instances, the other from negative 
(N) instances. Thus the four groups can be identi- 
fied by CP, CN, DP, and DN. 

Procedure —The S was shown the 64 cards in 
the universe described in the preceding section. 
The cards were arranged systematically, and the 
three attributes and four values of each were ex- 
plained. The S was then shown the complete list 
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oi 48 possible concepts. Groups CP and CN saw 
concepts like Concept 1; Groups DP and DN were 
shown concepts like Concept 2. In each case, E 
explained in some detail how the 48 concepts are 
generated—one first chooses two relevant attributes 
and then selects either one (D groups) or three (C 
groups) values on each. 

The S was given a deck of the 64 instances, ar- 
ranged in a random order. The E named one of the 
concepts and had 5 sort the cards into positive and 
negative instances. This was repeated with differ- 
ent concepts until 5 clearly knew, given the concept, 
which instances would be positive and which nega- 
tive. The E's comments called S's attention to just 
why instances were positive or negative in each 
case. All Ss sorted essentially the same concepts; 
e.g. the first concept for C Ss was (one, two, or 
four) and (circle, hexagon, or triangle); D Ss 
sorted (three) or (square). 

The S was told that the actual problems would be 
the reverse of the sorting task—E would show four 
instances, say whether they were positive or nega- 
tive, and S would find the correct 1 of the 48 con- 
cepts. The S then reviewed the list of possible 
concepts. 

The S was told next that all his instances would 
be positive (CP and DP) or negative (CN and 
DN) and was given a series of 20 problems. For 
each problem, four cards appeared, and 5 announced 
the concept when he had identified it. The amount 
of time spent on the problem and whether the 
answer was correct were recorded by E. The S 
was told when he was correct on each problem; 
when he was not, E called S's attention to at least 
one offending instance (e.g, an instance positive 
on S’s answer for a negative-instance $). If S 
gave no answer in 210 sec., the next problem was 
given without comment. After the first problem 
only, E told S the correct answer. The S could see 
a list of the four values on each attribute, but the 
list of possible concepts was not available to him. 

Problems.—For each group, 60 different sets of 
four instances were generated: Each S had 20 
problems and each series was solved by five Ss. 
Each set was randomly chosen; all 48 concepts were 
equally likely to be the answer, and given the 
concept, all of the sufficient sets of instances were 
equally likely to be chosen. Groups CP and DN 
used the same sets; of course, CP Ss regarded the 
instances as positive and gave answers like Con- 
cept 1, while DN Ss took the instances to be nega- 
tive and sought for solutions like Concept 2, Simi- 
larly, Groups CN and DP were given the same sets 
of instances. In this way, each CP S could use 
essentially the same solution procedure as a DN 5, 
and each CN S was matched to a DP S. 

Apparatus—For each of the 20 problems, 5 
pushed a button when ready, causing (а) the 
four instances to appear in a window and (b) an 
electronic timer to start. The E stopped the timer 
when S completed announcing his answer. The in- 
stances which S saw throughout the experiment 
consisted of one to four colored figures of the 
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appropriate shape, arranged in a horizontal row on 
a white card. 


RESULTS 


It was found that taking the logarithms of 
the time scores yielded approximate homo- 
geneity of variance and symmetry of distribu- 
tions. The geometric mean times (the anti- 
logarithm of the mean log times) for the 
four groups are shown in Fig. 1. The CP 
and CN curves essentially duplicate the 
results of Freibergs and Tulving (1961; in 
making the comparison, note the logarithmic 
time scale). In particular, the CN group is 
clearly inferior to the CP group. But the 
DN group is superior to all, suggesting that 
the primary effect is not due to the fact that 
the instances are negative. 

On the basis of preliminary testing with 
other Ss, it was determined that S could be 
said to have achieved an efficient solution 
procedure when (a) all subsequent problems 
were solved in less than 30 sec. and (b) 9 
out of the next 10 problems were solved cor- 
rectly or (c) if fewer than 10 problems re- 
mained, the wrong answer was given to no 
more than 1. This criterion permits the 20 
solution times for each S to be summarized 
in two scores: presolution time, the time re- 
quired to find a solution procedure, equal to 
the total time spent until the first answer of 
the criterion run; and postsolution time, the 
time required to carry out the solution pro- 
cedure, equal to the (geometric) mean time 
per problem after the start of the criterion 


run, Five Ss in the CN group did not 
100 o—ocp 
тор ^. e—— CN 
sob N &—-a DP 


SOLUTION TIME (sec.) 
o 


PROBLEM 


Fic. 1. Geometric mean time spent 
on each problem, 
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TABLE 1 
SUMMARY OF SOLUTION TIMES 


бан SE Cape | зди 
Total presolution time (N = 60) 

CP 27.98 3.331 .836 

CN 614.19 6.420 1.001 

DP 68.16 4.222 | .998 

рх 15.98 2,713 512 


| 
| 


Postsolution time per problem (№ = 40)* 


CP 8.16 2.099 |  .228 
CN 12.23 2.504 .267 
DP 4.34 1.167 .225 
DN 4.20 1.435 .360 


* Each S is given equal weight; numbers shown are means of 
Ss' mean times, etc. 


achieve criterion in the 20 problems; for 
them, presolution time was taken to be the 
total time spent on all problems. Since these 
Ss have no postsolution time, five Ss were 
eliminated at random from the other three 
groups for the postsolution analysis. Statis- 
tics summarizing these two scores are shown 
in Table 1. Again, the logarithmic transfor- 
mation makes the variances homogeneous 
over groups and the distributions roughly 
symmetric within groups. 

Presolution analysis.—The between-groups 
variance can be analyzed into three orthog- 
onal planned comparisons: a positive-nega- 
tive comparison (CP and DP vs. CN and 
DN), a conjunctive-disjunctive comparison 
(CP and CN vs. DP and DN), and a logic 
comparison (CP and DN vs. DP and CN), 
reflecting the complexity of the solution pro- 
cedure. Analysis of variance (see Table 2) 
reveals that while all three effects are signifi- 
cant, the logical complexity of the solution 
procedure accounts for two-thirds of the be- 
tween-groups variance (6°, estimated propor- 
tion of variance accounted for; from Hays 
1963, p. 406). Whether the instances are 
positive or negative captures only about 8% 
of the between variance. Qualitatively simi- 
lar effects are manifest in the number of 
problems required to reach criterion, but a 
floor effect precludes systematic analysis (all 
but one S in the DN group began the cri- 
terion run on the first problem). 


o 
x 
бә 
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TABLE 2 
ANALYSES OF VARIANCE OF SOLUTION TIMES 


Presolution times (total) 


Postsolution times (per item) 


Source 
af MS | F a af MS F a 
Positive-Negative 1 10.07 12-71 .058 1 .348 4.13* 024 
Conjunctive-Disjunctive 1 28.53 36.01** 172 1 7.234 85.82** 640 
Logic 1 77.24 97.52%* 475 1 477 5.66* 035 
Within 56 .792 36 .0843 
| 
* p < .05. 
*"* 5 < .01. 


Total presolution time seems the best mea- 
sure of the difficulty of discovering the solu- 
tion procedure, but other measures of interest 
are mean presolution time per problem and 
time spent on the first correctly solved prob- 
lem. On each of these measures, only solu- 
tion-procedure complexity and conjunctive— 
disjunctive effects are significant (р < .01), 
the former again accounting for about two- 
thirds of the between variance. 

Error analysis ——There are too few errors 
for a systematic analysis. More than two- 
thirds of all presolution problems were cor- 
rectly solved, and, of course, the criterion 
guarantees that almost all postsolution prob- 
lems are solved. Median total errors for the 
four groups are as follows: CP, 1; CN, 4; 
DP, 1;DN, 1. 

Postsolution analysis —Once а satisfactory 
solution procedure has been found, there are 
small penalties for logical complexity and 
for negative instances (see Table 2). The 
only large effect is that conjunctive problems 
take longer to solve, but this at least par- 
tially reflects the fact that the conjunctive 
concepts take longer to announce than the 
disjunctive. 


Discussion 


The experiments by Hovland and Weiss 
(1953) and Freibergs and Tulving (1961) es- 
sentially compared CP and CN groups on pre- 
solution time; it now seems that those results 
reflect primarily the subtlety of the necessary 
solution procedure for CN and not a general 
difference between positive and negative in- 
stances. In general, it now appears that posi- 
tiveness or negativeness per se is of little con- 
sequence; the relative usefulness of the two 
kinds of instances depends primarily on the 


circumstances. Other research supporting this 
view includes the following: (a) Bruner, 
Goodnow, and Austin (1956) note that for 
disjunctive concepts, the optimal strategy be- 
gins with focusing on negative instances. (b) 
Inhelder and Piaget (1958) suggest that nega- 
tive transformations are readily available to 
thought from adolescence onward. In this con- 
text, it would be interesting to know whether 
negative instances are generally difficult for 
concrete-operational children. (с) Haygood 
and Bourne (1965) found in the case of "at- 
tribute identification," most like the present 
experiment, that inclusive disjunction is no 
easier than its complement, joint denial. Their 
use of a sorting task somewhat clouds the 
meaning of this fact, but at the very least it 
is not detrimental to phrase the concept in 
negative terms. (d) The results of Haygood 
and Devine (1967) indicate that it is not posi- 
tive instances, but instances containing "both 
relevant characteristics" which aid concept 
identification. The present results are con- 
sistent with their interpretation; CN and DP 
instances have only one criterial attribute value 
(e.g, for Concept 2 if there are four figures, 
the shape is irrelevant) ; CP and DN instances 
must satisfy values on both attributes. The 
present interpretation does not seem equivalent 
to that of Haygood and Devine; further re- 
search may explore whether presence of both 
relevant characteristics or Simplicity of solu- 
tion procedure is more important. 

There are some hints that the solution pro- 
cedures described in the introduction are psy- 
chologically real. Pilot Ss were asked how 
they solved the problems, and their verbal re- 
ports are generally consistent with the descrip- 
tions given. The only important difference was 
that Steps a and b of the CN-DP procedure 
were carried out perceptually and apparently 
not sequentially. This seems to account in 
part for the short postsolution times for DP— 
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the two pairs of instances arise in a kind of 
Gestalt field-structuring experience. The Ss’ 
verbal reports also indicate why CN is so in- 
ferior to DP. The joint-denial concept 


neither (four) nor (hexagon) [3] 


is logically the same as Concept 1; the equiva- 
lence is not hard to see if S clearly understands 
the set of possible instances. Successful CN 
Ss apparently rephrased their concepts in terms 
of joint denial and used the same perceptual 
process as DP Ss to find the two attribute 
values. They then converted the concept's 
name to the form required (Step c). If these 
indications are correct, the difficulty of the CN 
condition may be due in part to the difficulty 
of recognizing the equivalence of Concepts 1 
and 3 and the usefulness of this equivalence. 

The difference between Concepts 1 and 3 
may help also to interpret the significant con- 
junctive-disjunctive effects. Part of S's task 
was to name the concept. Concepts 2 and 3 
have equally complex names, but Concept 1 
may be more difficult to name than Concept 3, 
even though they are logically equivalent. Ex- 
cept possibly for a general effect of cognitive 
strain (Bruner et al., 1956), this effect should 
be independent of solution procedure. If one 
were to replace the CP and CN concept list 
with concepts like Concept 3, perhaps the only 


significant difference would be due to the 
logical difficulty of the solution procedure. 
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most line in order for these groups to have 
demonstrated any PREs at all. Removal 
from the Skinner box for апу period of time 
between the nonrewarded and the rewarded 
part of the schedule completely eliminated 
the PRE. 

The topmost dashed line is drawn at the 
ordinal position that represents the mean 
number of extinction responses made by the 
no-removal group of the present study. It 
seems worth mentioning that both dashed 
lines are very close to where they would have 
been drawn if the no-removal and 70R 
groups had been omitted, with the substitu- 
tion of estimates based on previous research. 

A Duncan multiple-range test indicates 
that the no-removal group made significantly 
more responses than all other groups (p < 
.01), and no other comparisons are signifi- 
cant even at the .05 level. 


Discussion 


The entire results can be summarized by one 
simple statement: Removal from the test 
chamber for any period of time completely 
erased the PRE. In searching for a reason for 
this, it does not seem fruitful to try to argue 
that SN was completely disrupted by the act of 
removal. Removing S from the presently em- 
ployed test chambers is not notably different 
from removing S from a runway, and PREs 
are commonly obtained in the runway. The 
present rats had less formal handling and tam- 
ing than is usually given to runway rats, but 
each had been handled and carried several 
times (during pretraining and Day 1) prior to 
the “critical” removals; they did not seem to be 
notably more emotional than rats the first au- 
thor has used in runway experimentation. 

A set of three assumptions is advanced in an 
effort to interpret the present results and in- 
corporate them within a body of related data: 
(a) Rewarded trials occasion distinctive after- 
effects (S®) as do nonrewarded trials (SN) 
(Sheffield, 1949). (b) The 5% arising from 
any well-defined sequence of trials become or- 
ganized into a perceptual and mnemonic set or 
gestalt that is separate from (but not neces- 
sarily different from) the gestalt arising from 
any other well-defined sequence of trials that 
may be involved in S's total training. It is 
assumed that the mammalian brain can store 
such representative processes indefinitely. (с) 
Vigor of responding during a set of extinction 
trials is an increasing function of the number 
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of times one or more rewarded trials have fol- 
lowed one or more nonrewarded trials within 
a well-defined sequence of trials. 

Before specific predictions can be generated 
from Assumptions a, b, and c, it will be neces- 
sary to explicate the meaning of the phrase, “a 
well-defined sequence of trials.” A complete 
explication is probably impossible at this time. 
but it is believed that the gestalt law of prox- 
imity (cf. Koffka, 1935) can provide some 
useful guidelines. Various bits of empirical 
information about which types of sequences do 
and which do not produce PREs can also be put 
to use. 

It is believed that one way to get a well- 
defined sequence is to use a very large temporal 
interval between two trials in relation to the 
temporal interval between most other sets of 
two trials. Consider Group 15E-15A of a 
study by Jensen and Cotton (1960). During 
acquisition these Ss received 8 days under a 
schedule of 15N-15R. There were never more 
than about 3 min. between any two adjacent N 
trials, any two adjacent R trials, or between 
the fifteenth N trial and the first R trial of a 
day. But there were always about 23 hr. be- 
tween the thirtieth trial of one day and the first 
trial of the next day. The behavior of these Ss 
during a final session of 30 N trials is highly 
consistent with the notion that they expected 
another pattern of 15N-15R to unfold itself. 
More objectively, they ran slowly during the 
first few extinction trials, steadily picked up 
speed as the sixteenth extinction trial ap- 
proached, and continued to run at a fairly fast 
speed between the sixteenth and thirtieth ex- 
tinction trial. A very large number of other 
partial reinforcement (PR) groups have been 
trained in the runway under conditions that are 
similar to those of Group 15E-15A with re- 
spect to the large separation of trials across 
days in relation to the separation of tials within 
days. For example, the Day 1 and Day 2 
treatment of Capaldi's (1964, Exp. III) Group 
Na-length could be represented as RNNNRR 
RRNNNR. The interval between any two 
trials within Day 1 or Day 2 is very small in 
relation to the interval between the sixth trial 
of Day 1 and the first trial of Day 2. The 
typical group given 50% reinforcement on а 
random (or semirandom) basis for 2 or more 
days of acquisition training should also be 
thought of as having received several well- 
defined sequences of trials, one for each day of 
acquisition, according to the present analysis. 
The pattern within a day may seem very hap- 
hazard; the point is merely that the 30 or 50 
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trials on Day 1 become a set that is set off 
from the set of 30 or so trials administered on 
Day 2. 

Many groups that have been run in the free- 
operant situation have behaved consistently 
with the notion that the set of “trials” (more 
commonly called responses) that occurs within 
a day becomes organized as a set or gestalt in 
perception and in memory. The no-removal 
group of the present study is a case in point. 
The fact that Ss in this group pressed at a 
rapid rate up to and beyond the fifty-first ex- 
tinction response certainly does not prove that 
these Ss had a “percept” of a 50N-20R pattern 
or an “expectation” that a 50N-20R pattern 
would again unfold itself, but their behavior is 
certainly consistent with this notion. (Tt is 
also consistent with Capaldi's, 1964, assump- 
tions about the modification of SN with suc- 
cessive N trials, generalization of habit 
strength, etc.) 

Next is considered evidence from situations 
in which long intertrial intervals between one 
day of acquisition training and the next (always 
in relation to the intertrial interval within a 
day) resulted in perceptual sets of trials that 
did not contain SRs following SNs. For Ss in 
Group 30E-30A of the Jensen and Cotton 
(1960) study. the long (23-hr.) intertrial (and 
interday) interval came between sets of 30 
massed N and 30 massed R trials. These Ss 
showed no PRE. Furthermore, after several 
days of training they acted as though they 
expected all trials of a day to be either all N 
or else all R. Group 40N-40R of a free-operant 
study by Jensen (1961) showed a quite similar 
effect, These rats received 40 N “trials” on 
Mondavs and Wednesdays and 40 R trials on 
Tuesdays and Thursdays. During a long for- 
mal extinction period on Friday, they showed 
no PRE relative to an appropriate CRF con- 
trol. The Jensen study also contained a group 
given 20R-20N scheduling on each day from 
Monday to Thursday. That is. Ss were allowed 
to make the 20R and the 20N presses of a day 
at their own pace. According to the present 
analysis, each day (Monday, Tuesday. Wednes- 
day, and Thursday) resulted in a gestalt that 
could be described as a bunch of SPs followed 
by a bunch of SN, The 20R-20N Ss showed 
no PRE on Friday and even pressed consider- 
ably slower than CRF controls that had re- 
ceived 40R trials on each day from Monday 
through Thursday. Tt should ‘be noted paren- 
thetically that Grosslight and Child (1947) 
were probably the first to notice the importance 


of NR vs. RN patterns of reward and non- 
reward. 

It is important to realize that a 23-hr. inter- 
val between 2 runway trials (or two lever- 
pressing responses) does not automatically 
separate sets of trials into two well-defined 
sequences. This only happens if the 23-hr. 
interval is very large in relation to other inter- 
trial intervals in the study. Weinstock (1954, 
1958) gave 1 runway trial per day and obtained 
large PREs. This is not inconsistent with the 
present analysis. In Weinstock's situation, all 
the trials on all the days are part of the same 
well-defined sequence because there is no un- 
usual event (such as a tremendously long in- 
terval) to divide the trials into distinct sets. 
At this point it may be fruitful to pursue the 
analogy with law-of-proximity phenomena. 
Let dots stand for SNs and dashes stand for 
S®s. Consider Group A which is given a 
pattern of NRNRNR, etc., 6 massed trials per 
day for 4 days, and then 30 massed extinction 
trials on Friday. Consider Group B which 
gets the same schedule, but 1 trial per day over 
a period of 54 days. Part A of Fig. 2 shows a 
conceptualization of the types of patterns of 
aftereffects that would arise. If there were no 
page size limitations, the pattern for Group B 
should probably be extended to about 3 ft. in 
length, but the absolute space between two ad- 
jacent symbols is not the critical thing: in the 
Weinstock situation, such spaces are of a con- 
stant size, and that is the important thing to 
convey. Note that under Assumption c, the 
same resistance to extinction is predicted for 
both groups. With this particular pattern of 
reinforcement scheduling, it matters not at all 
that for Group A, acquisition was divided into 
four well-defined sequences. But consider 


PART A 


GROUP A +=- 
GROUP В - 


PART В 


GROUP C - - 


GROUP D-- 


Fic. 2. Part A is a representation of the hv- 
pothesized aftereffects patterns for Groups A and 
B at such time as the experiment (including ex- 
tinction) is completed. (Only a part of the rele- 
vant pattern would be available at a given inter- 
mediate point in experimentation.) Part B is a 
representation of the aftereffects patterns for 
Groups C and D at such time as the extinction 
sequence has been completed, 
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Group C which gets RRRNNN on each of Days 
1-4 and then 30 formal extinction trials on 
Day 5. The aftereffect patterns for Group C 
are represented in Part B of Fig. 2, together 
with those for a hypothetical Group D. Group 
D might be either a group that gets 1 trial per 
day or a group that gets all 54 trials in one 
massed session with a constant intertrial in- 
terval of, e.g.. 15 sec. Here it matters a great 
deal that acquisition was divided into four well- 
defined sequences for Group C but not for 
Group D. ТЕ is predicted that Group C will 
show no PRE in relation to an appropriate 
CRF group, whereas Group D will show a PRE 
whether the intertrial interval is a constant 15 
sec. or a constant 24 hr. 

It seems likely that there are other events in 
addition to an unusually long intertrial interval 
that can cause aftereffects to become organized 
into distinct sets. The present study suggests 
that removal from the apparatus when removal 
is not a common thing that occurs between 
adjacent responses is one such event. This 
consideration may seem unimportant to those 
who confine their research activities to runway 
studies, for it is hard to imagine a runway 
study in which removal does not become a com- 
mon thing occurring between all adjacent trials. 
But the runway-oriented investigator might be 
well advised to look for other things in his 
procedure that can function as landmarks or 
sequence dividers in much the same way that 
removal served as a sequence divider in the 
present study. For example, it is possible that 
intertrial reinforcement (ITR) does not func- 
tion to replace SN with SR, but rather functions 
to subdivide a sequence that would otherwise 
be RRNNRRNNRR into three sequences such 
as RRNN RRNN RR. 

Finally, it should be noted that the set of 
assumptions proposed here is not in severe 
conflict with Capaldi's (1964) set of assump- 
tions. Capaldi's assumption about the modifica- 
tion of SN with successive N trials is very use- 
ful while dealing with the effects of a very 
powerful independent variable called N-length. 
The aftereffects for a group given NNNRRR 
in massed fashion for each of 2 days could be 
represented as -° e - —— ° e ——-, and the after- 
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effects for a group given RRRNNN for 2 days 
could be represented as ө: 
This would preserve the benefits deriving 
from Capaldi’s assumption about SN modi- 
fication while continuing to stress the impor- 
tance of aftereffect patterning. In a sense, the 
present paper merely suggests a limit of ap- 
plicability of a system such as Capaldi’s. It 
seems that his assumptions will not lead to 
accurate predictions in those situations that 
give rise to patterns of aftereffects that do not 
contain SPs following Ss within the same well- 
defined sequence. 
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PAIRED-ASSOCIATE TRANSFER AS A FUNCTION OF 
THE NUMBER OF RESPONSES? 
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The A-B, A-B'; A-B, A-D; and A-B, C-D paired-associate transfer para- 
digms were applied to lists consisting of 12 CVC stimuli and either 2, 4, or 


12 different responses—a 12:2 


2, 12:4, and 12:12 stimulus-response relation- 


ship. There was positive transfer in the A-B' paradigm in all conditions, 
and positive transfer in the A-D paradigm emerged as the number of 


responses decreased. 


Some concept studies (e.g, Richardson 
& Bergum, 1954) seem to resemble the A-D, 
A-D transfer paradigm, with A consisting of 
the examples of a concept, B of a verbal re- 
sponse to the relevant dimension, and D of 
an unrelated verbal response. Verbal con- 
cept studies (e.g., Richardson, 1960) may 
also be considered a variation of the A-B, 
A-D paradigm if it is assumed that the words 
assigned the same response tend to elicit a 
common response prior to the experimental 
training. If such concept studies are varia- 
tions of the A-B, A-D transfer paradigm, 
then it should be possible to use unrelated 
stimulus materials and produce results char- 
acteristic of the concept studies. 

The stimulus equivalence studies are a 
variation of the A-B, A-D paradigm. A 
common response is learned to two or more 
unrelated stimuli, and in the transfer task a 
new response is learned to the same stimuli. 
Palermo (1962) found negative transfer 
when there were two stimuli paired with each 
response, a 2:1 stimulus-response pairing, 
but Foss and Jenkins (1966) found increas- 
ing positive transfer with an increasing num- 
ber of converging stimulus items—6:2, 10:2, 
and 20:2 pairings. Foss and Jenkins as- 
sumed that a mediational process was in- 
volved in the positive transfer, but warned 
that the mediation might not be an automatic 
unitary process, 

In the Foss and Jenkins (1966) study the 
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number of responses was held constant and 
the number of stimuli varied. With this 
procedure the number of pairs in a list must 
increase as the number of converging stim- 
ulus items increases. If, during first-list 
learning, Ss learned which stimuli were 
grouped together and this grouping was the 
basis of the positive transfer, then it might 
be expected that the amount of positive trans- 
fer would increase as the number of converg- 
ing stimulus items increased. It should re- 
quire longer to learn to group larger numbers 
of stimulus items. On the other hand, if 
the second-list learning was mediated by 
the implicit first-list responses, it might also 
be expected that the positive transfer would 
increase as the number of converging stimu- 
lus items increased. In such a case the same 
amount of second-list learning of B-D pairs, 
consisting of implicit first-list responses and 
the second-list responses, would be required 
for all conditions because the number of re- 
sponses remains the same. However, if it is 
assumed that the implicit first-list B response 
is paired with the D response each time a 
second-list pair is presented, the B-D re- 
sponse pairs would occur more often as the 
number of converging stimulus items in- 
creased. For example, one trial on the sec- 
ond list in a 20:2 condition would present 
each D response, and presumably the im- 
plicit B response elicited by the stimulus 
term, 10 times, while one trial in a 10:2 
condition would present the D, with the im- 
plicit B, response only 5 times. 

The present study Was an attempt to gain 
more information about the processes in- 
volved in transfer by holding the number of 
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Fic. 1. Percentage of errors during second-list 
learning. 


the first lists were different for each para- 
digm, there was no apparent reason for the 
significant interaction, F (4, 135) = 4.17, А 
< .01. Since the major concern is with the 
positive transfer in the A-B’ and A-D para- 
digms, it should be noted that there was little 
tendency within a condition for either A-B’ 
or A-D to be superior to the C-D control. 

The means of the c values are presented 
in the upper part of Table 2. Neither lists, 
F « 1.00, nor number of responses, F (2, 
135) — 1.05, was significant, but the interac- 
tion was significant, F (4, 135) = 3.19, p< 
.05. The trends were much like those for 
trials to criterion with no indication that 
groups in the A-B' or A-D paradigm were 
superior to those in the C-D. 

Second-list learning—The means of the 
number of trials to the criterion of two suc- 
cessive perfect trials on the second list are 
presented in the lower part of Table 1. As 


JACK RICHARDSON 


in first-list learning, the trend in the C-D 
paradigm was for the four-response condition 
to be more difficult, but the differences, 
within C-D, due to number of responses was 
not significant, F < 1.00. The first-list 
learning and the second-list C-D learning 
curves were very similar except for the faster 
learning of the second lists. Apparently 
there was no differential transfer in this con- 
dition, but the number of responses in the 
first list was confounded with the number of 
responses in the second list. Thus, the lack 
of differential transfer may not be independ- 
dent of the number of first-list responses. 

The mean trials to criterion in the lower 
part of Table 1 show a tendency for positive 
transfer in both A-B' and A-D paradigms, 
but lists was not significant, F (2, 135) — 
2.87, p > .05, and the interaction did not 
approach significance, F « 1.00. The num- 
ber of trials to criterion increased as number 
of responses increased, F (2, 135) = 3.97, р 
< .05. The percentage of errors on each 
trial are plotted in Fig. 1. The lower panel 
shows that in the 12-response condition there 
was positive transfer in the A-B’ paradigm, 
but no indication of either positive or nega- 
tive transfer in the A-D paradigm. The 
two upper panels show a tendency for both 
A-B' and A-D to be superior to the C-D 
control, 

The mean c values for the second-list 
learning are presented in the lower part of 
Table 2. Тһе systematic decrease as the 
number of responses increased, slower learn- 
ing, was significant, F (2, 135) = 22.63, and 
the differences due to lists were also signifi- 
cant, Е (2, 135) = 8.90. The significant in- 
teraction, F (4, 135) = 2,70, p < .05, was 
produced by the tendency for the decrease 
in number of responses to facilitate learning 
in the A-B’ and A-D paradigms but not in 
the C-D paradigm. Within each number of 
responses, A-B’ was superior to A-D, The 
overall difference between A-B’ and A-D 
was significant, F (1, 90) — 20.52, and num- 
ber of responses was significant, F (2, 90) 
— 8.02, but the interaction did not approach 
significance, F (2, 90) = 2.03. 

Recall—The Ss recalled the responses 
from both lists, and 134 of the 144 Ss re- 
called all of the second-list responses COT- 
rectly. Forty-eight Ss made one or more 
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errors on the recall of the first list. There 
were 12, 15, and 21 Ss who made one or 
more errors in the 2-, 4-, and 12-response 
conditions, respectively, but the differences 
were not significant, x? = 2.62. In the A-B’, 
C-D, and A-D paradigms there were 7, 19, 


and 22 Ss who made one or more errors, x? 
= 7.87, р < .05. 


Discussion 


It seems clear (Foss & Jenkins, 1966) that 
holding the number of responses constant and 
increasing the number of unrelated stimuli in 
а group increases the difficulty of learning a 
paired-associate list. The effect of holding the 
number of unrelated stimuli constant and in- 
creasing the number of responses is not as 
clear. Presumably the latter results in faster 
learning because of fewer stimuli in a group, 
but may also result in slower learning because 
of the increased number of groups. Many 
studies (e.g., Smith, Jones, & Thomas, 1963) 
that have found an effect of number of re- 


sponses have also used stimuli that were 
clearly similar in some fashion. It has been 
demonstrated (e.g., Richardson, 1958) that 


varying the number of responses with similar 
stimuli varies the learning, but this does not 
settle the question of the effect with unrelated 
stimulus items. In the present study there 
seemed to be relatively little effect of the num- 
ber of responses on first-list learning, but there 
was a tendency for the four-response groups to 
require more trials to criterion. The results 
tend to support Bower's (1962) finding of no 
differences between three and eight responses 
when the stimuli were eight low-similarity 
nonsense syllables. However, the effect of 
decreasing the number of unrelated stimuli in 
a group vs. increasing the number of groups, 
i.e., the number of responses, clearly needs more 
work. 

The second-list learning increased as the 
number of responses decreased. The signifi- 
Cant Number of Responses X Paradigm inter- 
action was due to the improvement in the А-В’ 
and A-D performance as the number of re- 
Sponses decreased while there was no system- 
atic effect in the C-D paradigm. This supports 
the Foss and Jenkins (1966) finding of more 
positive transfer as the number of stimuli in- 
creases. The continued superiority of the A-B^ 
to the A-D paradigm Suggests that the first-list 
responses served as mediators during the sec- 
ond-list learning. 

There was no negative transfer in the A-D 
paradigm with 12 different responses, but the 
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positive interlist transfer emerged as the num- 
ber of responses decreased. Studies of verbal 
concept lists (Reed, 1946; Richardson, 1960) 
have found that significant intralist transfer 
emerges only as the number of examples in- 
creases. In both cases the positive transfer 
depends on having several stimuli assigned to 
the same response. This suggests that verbal 
concept learning. as opposed to concept identi- 
fication, may be studied by using the A-B, A-D 
transfer paradigm and assigning several unre- 
lated stimuli to each response. Underwood 
(1966) has pointed out some of the relation- 
ships between verbal learning and concept 
learning and emphasized the importance of im- 
plicit associative responses in such relationships. 
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WORD FRAGMENTS AS AIDS TO RECALL A WHOLE WORD? 


HENRY LOESS? anp ALAN BROWN 


College of Wooster 


Ninety-six Ss were presented a list of nine six-letter words for a single 


trial. 


Recall was tested by presenting fragments of the words as cues. 


Some Ss received fragments containing the first two, middle two, or last 


two letters. 


Results showed that the beginning fragments produced signifi- 


cantly higher recall than the others and the middle fragments were poorest 


of all. 


In addition, there were significant trial effects and sequence effects. 


Some Ss received fragments that contained the first letter of a word and 


either the second, third, or sixth letters. 


Recall decreased significantly as 


the distance between the first letter and second letter of the fragment in- 
creased. The results are considered as a replication and extension of an 
earlier study by Horowitz, White, and Atwood (1968). 


In a study designed to investigate the organi- 
zation of a single word, Horowitz, White, and 
Atwood (1968) presented Ss with four lists of 
nine words at two word lengths. After a single 
serial presentation of a list, S was presented, in 
succession, with 27 word fragments, 3 for each of 
the nine words. The fragments consisted of the 
beginning, middle, and last thirds of each word and 
were intended as cues to elicit the whole word. 
In this way, each S was tested for cued recall on 
all four lists. The results were consistent across 
lists and word lengths: The beginning fragments 
produced significantly higher recall than the other 
fragments, and the middle fragments elicited the 
poorest recall. The authors discussed several vari- 
ables that might have contributed to the superi- 
ority of the initial fragments and considered the 
implications of their data for topics such as per- 
ceptual learning, formal similarity, and associative 
symmetry. The present study was designed to 
investigate additional implications. First, it is pos- 
sible that the superiority of the beginning fragment 
of a word in cueing the recall of the whole word 
is due mainly to the presence of the first letter 
of the word. Studies of the functional stimulus 
in verbal learning have demonstrated that the first 
letter of a verbal item is frequently a dominant 
factor in S's strategy for learning the item 
(Underwood, 1963). If this applies to the Horo- 
witz et al. (1968) study, then a fragment consist- 
ing of the first letter and any other letter might 
provide better recall than any fragment not con- 
taining the first letter. Second, although the order 
of presenting the fragments was balanced within 
lists, it is likely that for the middle and last 
fragments, recall was enhanced more by having 
the beginning fragment precede them than vice 


1 This paper was prepared while the second author was a 
participant in the National Science Foundation Program of 
Undergraduate Research Participation under Grant GY 2835 
to the College of Wooster. 

2 Requests for reprints should be sent to Henry Loess, 
College of Wooster, Wooster, Ohio. 
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versa. The balancing of fragments over recall 
trials may have equalized practice effects, but would 
not have accounted for sequence effects. It is 
possible, therefore, that the Horowitz et al. study 
underestimated the differences in recall attributable 
to fragment types. It would be useful if practice 
effects and sequepce effects could be evaluated. 
The present study was designed to do this. 
Method.—The study was conducted in two parts 
as a laboratory exercise in an undergraduate learn- 
ing course. The Ss were 96 volunteer undergradu- 
ates; 48 served in Part 1 and 48 served in Part 2. 
The Es were eight pairs of students who took the 
course for credit. Each pair worked as a unit, 
one student presenting the data and the other 
recording the responses. (Henceforth, each pair 
shall be referred to as a single E.) All 55 received 
training on a single list, designated as 6-A in the 
original study. The list contained the words: 
school, accept, future, circle, length, minute, public, 
twelve, family. Part 1 used the same fragments 
as the original study. For example, to test recall 
of the word "twelve," the fragments were "bw? 
"el. ,” and " ve" In Part 2, different frag- 
ments were used. For the word "twelve," the 
fragments were "tw. ," “Ее,” and "t е” 
That is, all fragments contained the first letter and 
either the second, third, or sixth letter of a word. 
The basic procedure of the original study was 
followed as closely as possible. Each § served in 
only one part of the experiment. The words 
and fragments were typed on 3 X 5 in. cards, and 
the words were presented to S by having E turn 
over the appropriate cards at a 2-sec. rate. Each 
S was given the same practice task as in the origi- 
nal study, then the test list was presented. Im- 
mediately following the single presentation of the 
list, S' was shown one of the fragments and was 
given up to 15 sec. to recall the words. In this 
manner, S was tested for recall of all the words 1” 
the list, using the same fragment type for eac 
word. On the second recall trial, the words were 
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tested again using a second fragment type; and on 
the third and final recall trial, the remaining frag- 
ment type was used. The order of presenting the 
words and the order of presenting the fragments of 
a particular type within a recall trial was ran- 
domized for each 5. The order of presenting the 
fragment types across recall trials was determined 
by the rows of two Latin squares. Four Es col- 
lected the data for Part 1, and four collected the 
data for Part 2. Within each part, two Es used 
one Latin square and two Es used the other. Each 
E assigned 4 Ss to each row oi the Latin squares. 
"Thus, the major procedural change consisted of the 
order in which the fragment types were presented 
to S. Horowitz et al. scrambled the various frag- 
ment positions for the cues of any one trial. The 
present experiment used Winer's (1962) Plan 10 
for Latin squares in order to test whether sequence 
effects тау significantly affect the observed 
differences among fragment effects. 

Results—The results of Part 1 are presented in 
Table 1. An analysis of variance indicated that 
the main effects of fragments, trials, and sequences 
were all significant at the .05 level, F (2,84) = 
62.82, Е (2,84) = 11.33, and F (2,42) = 3.54, re- 
spectively. Neither the main effect of Latin square 
nor any testable interaction was significant. The 
significant fragment effect replicated very closely 
the data of List 6-A of Horowitz et al. (1968). 
Comparable data are presented in the two right- 
hand columns of Table 1. The significant trial 
effect is represented in the bottom row of Table 1. 
It shows a gradual improvement in performance 
over trials. However, it is not possible to tell 
to what extent this reflects generalized practice 
effects and to what extent it reflects sequence ef- 
fects. The significant sequence effect indicates 
that performance depends on which fragment pre- 
cedes which other fragment in the recall sequence 
of a specific 5. The nature of this effect (con- 
founded by practice effects) may be seen by 
inspecting the top three rows of Table 1. The top 
row shows that for the beginning fragments, per- 
formance remained relatively stable across trials. 
On the other hand, for the middle fragments 
(Row 2), there was considerable improvement 
across trials. Inspection of the separate rows of 
the Latin squares shows that on Recall Trial 2, 
performance for the middle fragments received 
greater enhancement when the beginning fragments 


TABLE 1 
MEAN Numner or ITEMS CORRECTLY RECALLED 
IN Part 1 » 
: Recall trial Horowitz 
Fragment et al. 
r ч (1968) 
1 2 3 M 
012 8.19 7.88 8.0 7.78 
3-4* 4.07 5.69 cet 20 5.78 
5 +6 5.94 5:04 6.62 6.17 6.25 
M 6.07 6.50 7.15 е 


Note,—Maximum number recalled was nine. 


TABLE 2 


MEAN NUMBER OF ITEMS CORRECILY RECALLED 
IN PART 2 


Fragment | ———— À 
1 | 2 
r+ 2 8.00 7.19 
1+3 6.44 7.00 
1+6 5.50 6.94 
M 6.67 7.04 
Note.—Maximum number recalled was nine, 


had been presented on Trial 1 (X = 6.13) than 
when the end íragments had been presented 
(X = 5.25). Performance was enhanced even more 
(Trial 3; X — 681) when the middle fragments 
were preceded by both the other fragments. In the 
latter case, inspection of the Latin square shows 
that períormance did not vary as a function of the 
sequence of the other fragments on Trials 1 and 2. 
For the end fragments (Row 3), Table 1 shows 
that performance improved only when such írag- 
ments had been preceded by both the other írag- 
ments (Trial 3). As with the middle fragments, 
inspection of the separate Latin squares shows that 
the sequence in which the other fragments preceded 
the end fragments did not make an apparent dif- 
ference. In summary, Part 1 replicated closely 
the results of Horowitz et al. (1963). In addition, 
there were significant sequence effects. For this 
reason, the data for the first recall trial probably 
give a more accurate reflection of the differences 
among the fragments than do the mean results 
summed over all recall trials. 

Table 2 presents the results of Part 2. An analy- 
sis of variance gave significant Fs (~’s <.05) for 
fragments and for trials; however, in this case the 
F for sequence did not achieve significance at the 
05 level, F (2,84) = 3.20, F(.05) = 3.23. The 
significant fragment effect is represented in the 
right-hand column of Table 2, which shows that 
performance decreased as the distance between the 
two letters in the fragments increased. Compari- 
son of these figures with the results of Part 1 
shows that the mean number of words recalled was 
higher for all of the fragments of Part 2 CIT, 
7.00, and 6.44) than for the middle and end frag- 
ments of Part 1 (5.52 and 6.17, respectively). 
This supports the tentative hypothesis that “a frag- 
ment consisting of the first letter and any other 
letter might provide better recall than any fragment 
not containing the first letter.” However, any 
conclusion in this regard is made difficult by pos- 
sible untested interactions and by the fact that 
although sequence failed to achieve significance as 
a main effect, the pattern (see Table 2) had a 
similar form as Part l. A conservative approach 
would be to consider separately the data for the 
first recall trial The data are represented in the 
left-hand columns of Tables 1 and 2. A 2х3 
analysis of variance on these data gave significant 
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Fs for fragments and for parts; and, as expected, 
there was a significant Fragments X Parts interac- 
tion, F (2,90) = 8.97, р < .01. A Neuman-Keuls 
test was used to evaluate the differences among 
the fragments separately for each part. For 
Part 1, mean recall for each fragment differed 
significantly from each other. This confirmed the 
basic results of the Horowitz et al. study. For 
Part 2, mean recall for each part also differed 
significantly from the others; and in this case, in- 
spection of the data in Table 2 shows that recall 
decreased as the space between the first and second 
letter of a fragment increased. Concerning the 
the initial hypothesis that fragments containing the 
first letter of a word should result in higher recall, 
inspection of the data for the first recall trial shows 
that recall was actually higher for fragments con- 
taining the last two letters than for fragments 
containing the first and last letters, but the dif- 
ference, as tested with a ! test, was not significant. 
This result seems to be contrary to experience and 
may be idiosyncratic to the particular nine words. 
For example, four words of the set end in a silent 
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“a 


e," which 
at all. 

Thus, while Part 1 of the present experiment 
supported previous findings that the beginning frag- 
ment elicits greater recall of a word than other 
fragments and the middle fragment is poorest of all, 
and Part 2 provided evidence that recall decreases 
as the space between the letters of a fragment 
increases, specific conclusions regarding the Part 2 
results should be held in abeyance until a more 
adequate sample of words can be studied. Finally, 
the present experiment indicated that studies of 
this kind, which use repeated measures, are likely 
to have significant sequence and/or practice effects 
which should be carefully evaluated. 


contributes no phonetic information 
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UCS ADAPTATION IN EYEBLINK CONDITIONING EXPERIMENTS 


G 


N. HOBSON ! 


University of Victoria 


The effects of high levels of adaptation (UCS 


gated for high- (HA) and low- 
effects of adaptation were not fo 
study, nor significantly different f 
UCS value in an earlier study. 


an adaptation saturation point ар 
alone trial mark. 


Recent reports (Hobson, 1966, 1968) provide 
evidence to show that in eyeblink conditioning ex- 
periments, repeated presentation of the UCS alone 
(0, 35, and 70 adaptation trials) results in CR 
decrement in a lawful manner. This evidence, 
obtained by using high- and low-anxiety male and 
female groups, appears to support Spence's (1958) 
theory of emotionally based drive. The present 
study was designed to investigate further the 
generality of the adaptation phenomenon by in- 
creasing the number of UCS-alone trials to 85, 100, 
and 115. Within the context of Spence's theory, 
it was predicted that 5 performance would show an 
inverse relationship to the number of adaptation 
1 Requests. for reprints should be sent to G. N. Hobson, 


Department of Psychology, University of Victoria, Victoria, 
British Columbia, Canada. 


-alone trials) were investi- 


(LA) anxiety male and female Ss. The 
und to be significantly different in this 
rom the results obtained with the highest 
Regardless of sex and anxiety variables, 
pears to be reached around the 70-UCS- 


trials independent of both sex differences and anx- 
iety levels. As in the former study, but as a 
secondary consideration, the variable referred to 
by Spence and Spence (1966) and Ominsky and 
Kimble (1966) as S apprehensiveness was again 
considered, Le, S apprehensiveness was minimized 
in the laboratory rather than maximized as the 
previously noted authors have claimed to be neces- 
sary to obtain significant performance differences 
between HA and LA Ss. 

Method.—With the exception of the changed 
values of the independent variable, the method, 
procedure, and apparatus were identical to that 
reported earlier (Hobson, 1968). The Ss were 
48 males and 48 females enrolled in an introductory 
psychology course at the University of Victoria 
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who obtained extreme scores on the MA scale. 
A 3X2X 2 factorial design involving three levels 
of adaptation, two levels of anxiety, and male and 
female Ss was used. Within the LA and HA 
groups, both males and females were randomly 
assigned to one of three adaptation levels. These 
levels were achieved by using the UCS, a puff oí 
air delivered to the cornea of the right eye in the 
absence of the CS, at the rate of 5 trials/min as 
follows: 85 trials, 100 trials, 115 trials. 

Results and discussion—Any eyelid response 
greater than 1 mm. in magnitude that occurred 
between 150 and 500 msec. after the onset of the 
CS was scored as a CR. Analysis of variance of 
total CRs Showed that the three levels of adapta- 
tion did not affect CR acquisition significantly in 
either LA or HA groups. The only significant 
effects, F (1,84) = 18.30, р < .001, were attributable 
to the anxiety variable. A Duncan multiple-range 
test was applied to the differences between means 
at each level of adaptation within each anxiety 
group (see Table 1) and showed none to be 
significantly different. The results of the present 
experiment were also compared with the condition- 
ing performance of the HA and LA groups in the 
70-UCS-alone condition reported in the former 
study. Again no significant differences were found. 
On the basis of such evidence it seemed reasonable 
to conclude that S adaptation to the noxious stimu- 
lus typically used in classical defense conditioning 
experiments reaches a maximum at sometime prior 
to the administration of 85 UCS-alone trials. That 
this occurs independently of both anxiety levels 
and sex differences indicates that there is what 
might be termed an S saturation point beyond 
which further adaptation does not take place, an 
event not predictable from Spence’s theory. 

In summary, a series of studies designed to test 
Spence’s (1958) theory of emotionally based drive 
has provided results that support the theory, but 
limit its generality. While strong support is found 
for the construct validity of the MA scale as an 
index of D in classical defense conditioning, sup- 
port for the phenomenon of "r," adaptation to an 
aversive stimulus, whether defined in terms of 
HA or LA, male or female, is of a more restric- 


TABLE 1 


TY AND LOW-ANNIE i Y 
N AS A FUNCTION 


‚ 100, лхо 115 Ард 


ATION 
Trias 
| Adaptation trials 
Ss A Pasce ааа 
| БЕ | 100 | 15 
i I 
Males (HA) 38.7 | 
Females (HA) 41.87 | 
Males (LA) | 26.75 
| 25.12 


tive nature. Up to 70 UCS-alone trials, Spence's 
expectations are met in all aspects, re adapts in a 
lawful manner. The repeated ineffectiveness of 
additional trials, however, suggests the need to 
modify the theory to account for a clearly demon- 
strated asymptote value for the adaptation effect. 
In regard to performance and anxiety levels, the 
present study, like the former, provides evidence 
that significant HA-LA performance differences 
can be obtained without recourse to a laboratory 
procedure designed to engender S apprehensive- 
ness, a finding at variance with the predictions 
made by both Spence and Spence (1966) and 
Ominsky and Kimble (1966). Finally, Spence’s 
finding that women perform at a higher level than 
men (Spence & Farber, 1953) was not replicated 
under any conditions of the present study. 
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Seventy-eight Ss participated in an eyelid conditioning experiment. 


INHIBITION IN HUMAN EYELID CONDITIONING! 


CHARLES J. KSIR 


iversity 


A group 


receiving 20 nonreinforced preexposures of the to-be-conditional stimulus 
exhibited a decrement in conditioning performance compared to groups 


that received either no CS preexposur 
distinct from that used in acquisition. 
were noted. 


Latent inhibition is defined as the decrement in 
conditioned response performance following non- 
reinforced preexposure of the to-be-conditional 
stimulus. This phenomenon has been demonstrated 
in several infrahuman species using various re- 
sponse measures (Carlton & Vogel, 1967; Lubow, 
1965). In humans, latent inhibition has been dem- 
onstrated using the Ivanov-Smolenskii method of 
conditioning (Sokolov & Paramanova, cited in 
Sokolov, 1963). Attempts to demonstrate the 
debilitative effects of CS preexposure using human 
eyelid conditioning, however, have been uniformly 
unsuccessful (Grant, Hake, & Schneider, 1948; 
Perlmuter, 1966). One purpose of the present 
study, then, was to establish the latent inhibition 
phenomenon in human eyelid conditioning. 

In addition, the present experiment was designed 
to determine whether the effects of preexposure 
are specific to the stimulus preexposed. If the 
effects of preexposure are stimulus specific, one 
would predict that a decrement in conditioning 
(relative to a nonpreexposed control group) would 
ensue only if the preexposed CS is subsequently 
used during acquisition. However, if CS preex- 
posure is not stimulus specific, the latent inhibition 
effect would also be obtained following preexposure 
to a conditional stimulus distinct from that used in 
conditioning. The possibility that a generalization 
gradient on the preexposed stimulus might operate 
to mitigate the effects of the independent variable 
was recognized. To obviate this difficulty, two 
stimuli were chosen a priori which seemed to be 
distinct. 

Method.—The Ss were 78 male undergraduates 
who volunteered from introductory psychology 
courses at Indiana University. All Ss had nor- 
mally uncorrected vision. The Ss were randomly 
assigned to three experimental conditions until it 
became necessary to modify the assignment to 
create equal N sizes. 

The S was seated on an adjustable stool in a 
wooden booth (33 in. wide Х 46 in. long X 73 in. 
high) which had a shelf, 37 in. from the floor. 
еМ тезен Masi ej. һу P. Gat and United States 
Public Health Service Predoctoral Fellowship 1-ЕІ-МН-34, 
142-02 from the National Institute of Mental. Health to the 
first author. The authors would like to acknowledge the help- 
ful suggestions of J. W. P. Ost and R. E. Lubow in the 
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e or 20 preexposures to a stimulus 
No effects on extinction performance 


Two push buttcns (24 in. apart) and a chinrest 
(20 in. high) were mounted on the shelf. A 
panel of seven small lights was located at eye level 
approximately 50 in. in front of S. A constant 
noise level of 56-db. SPL was maintained during 
the experiment. 

Eyelid responses were recorded by means of a 
Giannini microtorque potentiometer (Model 85153) 
mounted on a headband worn by S. A false eye- 
lash, attached to the right eyelid, was connected to 
the armature of the potentiometer by means of a 
hypodermic needle shaft. Current from two 221- 
v. batteries was impressed on the potentiometer 
and then amplified by a Brush dc amplifier (Model 
BL-962). Eyelid movements were graphically re- 
corded on a Brush penmotor (Type BL-222). 

Two conditional stimuli were employed. The 
first, a tone of 1,000 cps was delivered through a 
speaker located above S’s head. The other, a bell, 
emanated from the booth in front of S. The CS 
duration was 600 msec., and the intensity of both 
the tone and the bell was measured (free field) at 
72-db. SPL. The UCS was a corneal air puff of 
100-msec. duration whose intensity was regulated 
by a 120-mm. column of mercury. A Hunter air- 
puff delivery system was used. The ISI was 660 
msec., and the ITI during all phases of training 
varied randomly between 20, 25, and 30 sec. All 
time relations were electronically programmed. 
The recording and programming equipment was in 
a room adjacent to the conditioning chamber. 

The experimental design was a 3 X2 factorial 
with three levels of stimulus preexposure, orthog- 
onal to two levels of counterbalancing. All Ss 
received 40 trials of acquisition and 10 trials of 
extinction. In addition, Group S received 20 pre- 
exposures of the to-be-conditional stimulus. Group 
D received 20 preexposures to a stimulus distinct 
from the CS used in acquisition. Group C received 
no preexposures, but spent time in the conditioning 
booth prior to acquisition equivalent to that of the 
preexposed groups. The tone and bell CSs were 
counterbalanced so that half of the Ss in each 
group received the tone CS during acquisition and 
extinction and half received the bell CS. Acquisi- 
tion immediately succeeded preexposure. А condi- 
tioned response was defined as any eyelid move- 
ment which produced a minimum pen deflection of 
1 mm., occurring within 120 msec. and 670 msec- 
after CS onset. 
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The present experiment also used a “masking 
task,” during all phases of training, similar to the 
probability matching task described by Spence 
(1966). Before the start of each session, S was 
given instructions that described the use of the 
light panel and push buttons in the matching task. 
The purpose of the experiment was not revealed to 
S until the session was terminated, at which time 
S was also cautioned against discussing the ex- 
periment with classmates. 

Results and discussion—The random blink rate 
in the present experiment was low enough that no 
correction factor was necessary to clarify CS-UCS 
interval effects. In addition, no attempt was made 
to eliminate the data of so-called voluntary re- 
sponders, All statistical analyses were performed 
on the radian transform of the percentage of CRs. 

Figure 1 shows the mean percentage of CRs dur- 
ing acquisition and extinction over blocks of five 
trials for the three experimental conditions. A 3x2 
X 8 analysis of variance of the acquisition data indi- 
cated that the main effect of stimulus preexposure 
Was Significant, F (2, 72) = 4.38, р < .025. There 
Was no main effect of counterbalancing, F (1, 72) 
ms Significant blocks effect was found, F 
g 504) — 40.50, P «01, as well as a significant 
5 ms X Blocks interaction, F (14, 504) — 
Pag. d hese results, in conjunction with 
the direction of the differences as depicted in Fig. 
l, are consistent with the animal literature which 
has shown the effect of CS preexposure to manifest 
itself. early Jn acquisition and to dissipate with 
further training (Lubow, 1965). 

Additional analyses of variance indicated that 
Group S performed Significantly poorer during 


Percentage of CRs over five-trial blocks for acquisition and extinction. 


acquisition than either Group D or Group C, F (1, 
48) = 5.94, p<.025; F (1, 48) —623, р < .025, 
respectively. Again, the blocks effects, F (7, 336) 
= 25.95, F (7, 336) = 31.82, p <.01, and the Pre- 
exposure X Blocks effects, F (7, 336) =2.38, F 
(7, 336) = 2.46, р < .025, were significant for both 
comparisons. Groups D and C did not differ from 
one another, F (1, 48) =.06. The reliable decre- 
ment in conditioning performance of Group S com- 
pared to the equivalent performance of Groups D 
and C constitutes evidence that the effects of pre- 
exposure are stimulus specific. 

The analysis of variance for extinction revealed 
no main or interaction effects. This, too, is con- 
sistent with earlier investigations of latent inhibi- 
tion which used animal Ss (Lubow, 1965). 
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EVIDENCE FOR TWO STORAGE PROCESSES IN SHORT-TERM 


MEMORY? 


NORMAN R. ELLIS? 


University oj Alabama 


In a probe-type memory task, Ss were required to remember the location 
of one of nine digits presented in a row with miniature projectors. One 
group was required to verbalize the numbers aloud as they were presented. 


A second group remained silent. 


As in previous studies with this task, a 


bow-shaped serial position curve was obtained, with the effect of recency 
higher than that of primacy. Saying the numbers aloud depressed primacy 
and increased the recency effect as compared to that of the silent group. 
Presumably, oral verbalization preempted time otherwise used for rehearsal, 
a main determinant of primacy. On the other hand, recency was facilitated 
as a result of added sensory cues or recirculation of items through a 
primary memory. The study was replicated with retardates tested on a 


seven-position task. 


Glanzer and Cunitz (1966) have shown that 
primacy and recency portions of the serial position 
curve (SPC) for free recall are dependent on 
the rate of presentation and retention interval, 
respectively. They interpreted this finding as 
support for a two-storage memory hypothesis. 
Ellis and Hope (1968) report similar results from 
a probe-type short-term memory (STM) task. 
However, since the retention intervals did not 
exceed about 30 sec., they hypothesized that two 
types of STM were involved. Their study also 
provides evidence that rehearsal facilitates primacy 
but not recency. Ellis and Anders (1969), using 
the same experimental paradigm, showed that a 
recall event, interpolated between presentation and 
a second recall, produced a greater decrement in 
recency than in primacy, suggesting that memory 
for recency items is less stable. The present study 
attempts to show that another variable, oral verbali- 
zation, has different effects on primacy and re- 
cency portions of the SPC. 

Glanzer and Meinzer (1967), studying immedi- 
ate free recall, found that repeating words aloud 
six times, as compared to once, depressed primacy, 
but did not affect recency. Hagen and Kingsley 
(1968) reported similar findings for 10-yr.-old 
children. 

Method—In a first study, 24 undergraduates 
participated for course credit. The replication 
study used 22 institutionalized mental retardates 
as Ss. The latter ranged in age from 13 yr. to 24 
yr.; their IQs from 50 to 75 with a mean of 61.5. 

The apparatus has been described previously 
(Ellis & Hope, 1968). In brief, a row of nine 
miniature projectors successively presented visual 
stimuli from left to right, and then a tenth pro- 
so Tis тезел irae from the National Institute of Mental 
Health. Thanks are due several for assistance in some aspect 
of the research: Jeanne Dugas, Douglas Detterman, Terry 
Anders, Jane Detterman, and Donna Fletcher. The author is 
grateful to the staff of Partlow State School and Hospital for 
making retarded patients available as Ss. E 

2 Requests for reprints should be sent to Norman R. Ellis, 
Department of Psychology, University of Alabama, University, 
Alabama 35486. 


jector located above the row "probed" memory for 
the position of a stimulus. That is, S attempted 
to respond to one of the positions which was 
identical to the probe by pressing a Plexiglas key 
over the position he thought was correct, The 
stimuli were the digits 1 through 9. Correct re- 
sponses were signaled with a doorbell chime, and a 
correction procedure was used. For the retarded 
Ss, the task was reduced to seven positions. 

_ The normal and the retarded Ss were each as- 
signed equally and without bias to two groups. 
One of each was instructed to say the numbers 
aloud as they appeared. The other groups did not 
receive this instruction. The exposure duration of 
each number was 1 sec., and the offset of one was 
contiguous with the onset of the next. The probe 
immediately followed the offset of the last number 
in the series. The normal Ss were tested in one 
72-trial session; the retardates in two 35-trial 
daily sessions. 

Results and discussion.—Figures 1 and 2 depict 
correct first-choice responses for the two condi- 
tions over serial positions for the normal and 
retarded Ss, respectively. An analysis of variance 
of the normal Ss’ data yielded an F (1, 22) <1, 
for oral vs. silent; F (8, 176) = 11.54, p<.001, 
for serial position; and F (8, 176) =2.94, p< 
-005, for the interaction. A similar analysis of the 
retarded Ss’ data yielded an F (1, 20) <1 for oral 
vs. silent; F (6, 120) = 33.67, р < .001, for serial 
position; and F (6, 120) —4.97, р < .001, for the 
interaction. 

Clearly, saying numbers aloud produced a decre- 
ment in primacy, but facilitated recency, which sup- 
ports the prediction. Verbalizing the stimuli is an 
activity preempting time otherwise used for covert 
rehearsal An explanation of the facilitation of 
recency is more complex. Saying the numbers 
aloud may have provided additional and/or stronger 
sensory cues, thus strengthening primary memory, 
le, a louder or more distinct “echo” may have 
occurred. On the other hand, this activity may 
have served to sharpen overall attention and at 
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the same time prevented rehearsal which, selec- 
tively, positively affected primacy. Another possi- 
ble explanation is that repeating the numbers aloud 
resulted in their recirculation through the primary 
memory for a longer time, thus strengthening the 
recency effect. Glanzer and Meinzer (1967) pre- 
dicted and found that repeating the words aloud 
had no effect on recency. However, a prediction 
of a facilitation of recency seems more tenable, in 
view of the processes they hypothesize. The num- 
ber of oral repetitions as well as possible ceiling 
effects may have complicated their results. There 
is clear evidence (Ellis & Hope, 1968) that a delay 
prior to recall, either filled or unfilled, will attenu- 
ate recency. Direct comparison between these 
studies is tenuous since the methods are markedly 
different. Of course, the present results do not 
provide the basis for a definitive explanation of the 
recency effect. 

These results may be viewed as support for a 
two-process theory of STM. The evidence here, 
along with that previously cited, indicates that 
recency and primacy segments of the SPC arise 
from different determinants. Perhaps these results 
could also be explained by interference theory. 
Primacy items may be strengthened by rehearsal, 
and the stronger items produce greater interfer- 
ence effects in recency. However, the two-process 
interpretation seems no less parsimonious. 
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Performance of the retarded Ss on the 
seven-position task. 


Absolute comparisons between normals and re- 
tardates cannot be made since tasks oí different 
lengths were used. However, it would appear 
that the independent variable had similar effects on 
these Ss. Recency performance is comparable in 
these Ss, though they differ markedly in primacy. 
Other evidence (Ellis, 1968) indicates that the 
lower primacy performance in the retardate is due 
to less rehearsal or to a less effective rehearsal 
strategy. On this basis, it was expected that saying 
the numbers aloud would have affected primacy 
of the retardates relatively less than that of the 
normals. This was not borne out. Further in- 
vestigation is needed to clarify this issue. 
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WORD FRAGMENTS AND THEIR 


LEONARD M. HOROWITZ,? PETER C. CH 


REDINTEGRATIVE POWERS ! 


ILIAN, лхо KENNETH P. DUNNIGAN 


Stanford University 


Fragments of a word vary in their “redintegrative powers”; some elicit the 


whole word more readily than others. 
and the middle fragment the poorest. 
results to the case of medium- and low 


The initial fragment is the best cuc 
This study generalized previous 
y-frequency words. Word frequency 


did not affect success in cued recall, and the redintegrative pattern applied 
equally well to all levels of word frequency. 


A recent study by Horowitz, White, and Atwood 
(1968) examined the organization of a single word. 
In that study, S was shown a list of nine common 
werds, one by one. Later a fragment of one word 
appeared as a cue, and S had to recall the word. 
The fragment that served as the cue was the 


beginning, the middle, or the end of the word. If 
"native" was being tested, the fragment was 
"dne or *=—t1——"" op... e^ "This 


procedure was repeated with lists of six-letter 
words and lists of nine-letter words. 

The results showed that the beginning fragment 
is the best cue for eliciting the whole word. It does 
so with a higher probability and with a shorter 
latency. Therefore, the beginning fragment is said 
to have the greatest “redintegrative power.” The 
middle fragment is the poorest cue, so it has the 
least redintegrative power. 

This pattern of redintegrative powers—strongest 
for the initial fragment and weakest for the middle 
fragment—might be called the redintegrative pat- 
tern of a word's parts. The above experiment was 
performed entirely with common words, so it is not 
known whether this pattern holds as well for 
words of low frequency. Alternative hypotheses 
could be stated. The pattern may hold for any 
letter string that follows the statistical properties 
of English, including low-frequency words and non- 
sense words. Or it may only hold for “good 
gestalts"—ie, high-frequency words: as a word 
grows more and more frequent in English, its parts 
may come to vary in their redintegrative powers. 
According to the first hypothesis, high- and low- 
frequency words would not differ in their redinte- 
grative patterns. According to the second hypothe- 
sis, high-frequency words show the pattern, while 
low-frequency words would not. 

The present study is designed to generalize the 
results of the earlier study across a broader range 
of word frequencies. 

Method.-—The S was tested on four different 
lists. Two lists contained six-letter words and two 
contained nine-letter words. After S mastered a 
list, he saw a fragment of one of its words, and 
he had to recall the whole word. This entire ar- 


1This research was supported in part by Grant GB-4561 
from the National Science Foundation. The authors are in- 
debted to the National Science Foundation for this support. 

2 Requests for reprints should be sent to Leonard М. 
Horowitz, Department of Psychology, Stanford University, 
Stanford, California 94305 
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rangement was replicated three times with different 
lists and different Ss. 

The four lists of a given S contained 36 words. 
Twelve of them were high-frequency words, the 
same ones used by Horowitz et al. (1968), and all 
had frequencies of 35 or more in the Thorndike- 
Lorge (1944) word count. There were also 12 
medium-frequency words (6-8 times per 18 million) 
and 12 low-frequency words (4 or fewer times per 
18 million). The 36 words were divided into four 
lists. Two lists contained six-letter words and two 
contained nine-letter words, In each list there 
were 3 words of each frequency. 

The four lists that were used for testing one 
group of Ss follow (the letter in parentheses tells 
that word's frequency level), List 1: locale (L), 
chemic (L), marish (L), scarab (M), fencer (M), 
abrade (M), minute (H), twelve (H), length 
(Н). List 2: fibber (L), sundew (L), volant (L), 
napery (M), groggy (M), ocelot (M), simple 
(H), divide (H), second (H). List 3: under- 
vest (L), vasomotor (L), pugnacity (L), basket- 
ful (M), chickweed (M), dynamical (M), vege- 
table (H), president (H), universal (H). List 4: 
pronghorn (L), spiritism (L), committal (L), 
laudatory (M), torpidity (M), reservist, (M), 


otherwise (H), physician (H), religious (H)- 
Eighteen Ss were tested on these lists. 
Four other lists (36 words altogether) were 


prepared for testing 18 other Ss. And another four 
lists (36 more words) were prepared for testing 
a final group of 18 Ss. The three sets of 36 
words were so prepared that a high-frequency word 
in one was matched in several respects with a 
medium-frequency word in a second set and with 
a low-frequency word in the third set. The 
matched words were equated as far as possible for 
starting letter, number of letters, number of syl- 
lables, and the general vowel-consonant pattern. 
For example, vegetable (a high-frequency word) 
appeared in one set, verbosity (medium-frequency ) 
in another set, and vasomotor (low-frequency) in 
the third set. Any one group of Ss, though, saw 
only one of these words. 

_ One-third of the words were tested with the 
initial fragment as cue, another third with the 
middle fragment, and the remaining third with the 
final fragment. The three words at a given fre- 
quency level of a given list were each tested by 
a different kind of cue. 
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TABLE 1 


NUMBER OF CORRECT RESPONSES TO THE FRAGMENTS 
or EACH CONDITION 


Position of fragment 


Frequency 
Initial Middle End 
High 
EA 3.20 2.20 2.26 
1.22 1.24 | * 
Medium "m 
M 3.04 2.15 2.37 
SD 1:23 | 1.24 1.16 
bow 
J 3.26 241 2.74 
SD 1.31 | 1.33 | 1.16 


The nine words of a given list appeared one at 
a time on a Lafayette memory drum. Each word 
lasted 2 sec, and a 2-sec. blank space separated 
one word from the next. After S studied the list, 
he was tested on an MTA Scholar teaching ma- 
chine for aided recall. A fragment of one word 
appeared, and he was told to think of the word as 
fast as he could. A timer began operating as 
soon as the word appeared. When S thought of 
the word, he pressed a button which stopped the 
timer and allowed Е to record his latency. The S 
was allowed as much as 15 sec. for responding. 
When he responded (or when 15 sec. had elapsed), 
the next fragment appeared. The fragment was 
always one-third of the word—two consecutive 
letters of a six-letter word or three consecutive 
letters of a nine-letter word. The fragment was 
always the initial, middle, or final part of the 
word. Blanks appeared in place of the missing 
letters. The E recorded S's latency plus any errors 
that occurred. After S completed one list, he 
immediately transferred to the next list. 

Altogether, 54 Ss were tested. These Ss were 
all students in the introductory psychology class 
at Stanford University. 

Results and discussion.—Table 1 shows the mean 
number of correct responses for each experimental 
condition, The major variable that influenced the 
number of correct responses was the position of 
the cue, F (2,106) = 4171, Р < .001. _The effect 
of word frequency was marginally significant since 
the low-frequency words were slightly better re- 
called, F (2, 106) = 3.13, р < .05. The Position 
X Frequency interaction was not significant, F < 1. 

lt is not clear why low-frequency words were 
slightly better recalled. Perhaps, as unusual 
words, they benefitted from a von Restorff effect. 
Or perhaps unusual words contain unusual, distinc- 
tive letter combinations, This interpretation could 
be tested by an experimental design involving un- 
ipud (homogeneous) lists. In any case, the effect 
of frequency in these data was a very small one. 
f In general, the initial fragment was the best cue 
m. pem and the middle fragment the poorest. 
D Ba Ge cen in just that form in the 

Sas s of the 54. Other Ss showed some 
deviation from the exact Pattern. 


The same pattern of results held true for the 
latencies, as shown in Table 2. The S responded 
fastest on the average to the initial fragment and 
most slowly to the middle fragment. This pattern 
appeared at every level of word frequency. An 
analysis of variance showed a significant effect of 
position, F (2,70) = 23.70, p<.001. The data of 
a given S were only included in this analysis if 
that S emitted at least one correct response for 
each experimental condition; otherwise, no latency 
score was available. Only 36 Ss qualified for that 
criterion. Of these Ss, 18 showed the exact redin- 
tegrative pattern in their means. The effect of 
word frequency was not significant, nor was the 
Position X Frequency interaction, both Fs > 1.94, 
p> .10. 

It is interesting that word frequency did not 
have more of an effect on the two measures. In 
part, this result may be due to the within-S experi- 
mental design. An unusual word may attract more 
attention, and perhaps for the brief delays required 
in this study, S had no trouble recalling these rare 
words. However, the data leave no doubt about 
the generality of the redintegrative pattern. It 
applies as well to low-frequency words as it does 
to high-frequency words. Further research is 
needed to tell whether this pattern also character- 
izes nonsensical strings of letters, especially those 
that bear the statistical properties of English. 

An analysis of the errors was also performed. 
Of all the 1,944 responses (54 Ss X 36 items per 
S), 34% were errors. These errors were primarily 
failures to respond: 82% were failures to respond 
and 18% were overt intrusions. The 122 overt 
intrusions were further divided into two categories, 
partial errors and full errors. А partial error 
was a response that contained an error in just one 
of the three word segments—e.g., tabule instead of 
tubule. Such responses made correct use of the 
stimulus fragment and also contained one segment 
correctly recalled. All other overt intrusions were 
called full errors. Only 50 overt intrusions were 
partial errors and 72 were full errors. The partial 
errors were about evenly divided among the three 
types of fragments: 18 to initial fragments, 18 to 


middle fragments, and 14 to final fragments. In 24 
TABLE 2 
LATENCIES OF RESPONSE TO THE FRAGMENTS 
or Елсн CONDITION 
Position of fragment 
Frequency 
Initial Middle End 
^ High 
M 1.84 3.23 2.44 
SD 1.38 2.21 1.33 
Medium 
M 1.56 3.09 1.74 
SD 69 2.07 .58 
Low | 
M 1.69 | 2.87 | 2.52 
SD 75 1.51 1.63 
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that 32 of the 49 intrusions were LF words from 
the immediately preceding two trials of the experi- 
ment. It is possible, therefore, that when taxo- 
nomic cues are provided to assist a memory search, 
a higher degree of certainty may be achieved for 
HF words than for LF words. That is, as S 
scans a taxonomic set in search of an HF word, 
he may with confidence covertly reject most incor- 
rect words; but when searching for an LF word, 
fewer incorrect words may be covertly rejected, 
producing more overt intrusions. | 

In conclusion, the present study has provided 
additional evidence to support Tulving and Pearl- 
stone’s (1966) hypothesis that words which are 
inaccessible during free recall may become acces- 
sible if appropriate taxonomic cues are provided 
and supports the findings of Loess and Harris 
(1968) which indicated that taxonomic cues facili- 
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tate recall only when a short period of free recall 
is provided prior to the cues. Finally, it is sug- 
gested that the possibility of guessing strategies be 
carefully examined in experiments of this type. 
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ANALYSIS OF STORAGE AND RETRIEVAL PROCESSES IN 
MEMORIZING SIMPLE SENTENCES : 


К. А. KENNEDY ? axp A. L. WILKES 
University of Dundee 


Two experiments are reported in which measures were taken of the time 
to retrieve and utter a word írom a sentence given the preceding word as 
stimulus and of the time to indicate presence or absence oí a word in the 
sentence. Response latency in both cases was related to the position of 
stimulus words within the major constituents of the sentence. An estimate 


of that component of the retrieval process concerned with locatin 
was derived. „The form of the relationship between response 1 
and grammatical structure could not be 


criteria. 


There is an expanding psychological literature 
on scanning and retrieval in human memory (Kep- 
pel, 1968), but this has not been extended to deal 
with grammatical material. Current linguistic 
theorizing has encouraged psychological research 
into grammatical structure (e.g, Suci, Ammon, & 
Gamlin, 1967), but this work is not easily related 
to the retrieval models proposed for unstructured 
material. 

Tt has previously been shown, using an auditory 
method of presentation, that when Ss are given 
single words from a well-learned active sentence, 
the time to respond with the next word is related 


1 This project was supported by a grant from The Social 
dede Researc Council The authors are grateful to M. 
Ellen for her assistance in collecting and analyzing the data. 

2 Requests for reprints should be sent to R. A. Kennedy, 
Department of Psychology, University of Dundee, Dundee, 


Scotland, 


g a response 
À ocation time 
predicted from purely linguistic 


to the syntax of the sentence, and a model of search 
and retrieval processes has been proposed which 
could account for the observed pattern of response 
latencies (Wilkes & Kennedy, 1969). 

The model assumed that when memorizing, 5 
stores a sentence in a manner that allows separate 
access to its major constituents. The first words 
of major constituents are marked specially in mem- 
ory store and serve as starting points for the loca- 
tion of other words within the sentence. Location 
of stimulus words and the location of response 
words are both thought to involve a seriatim scan 
of the relevant constituent. The model assumes 
that the retrieval latency measure compounds two 
operations : the time to locate the stimulus word 
and the time to locate and utter the response. The 
relative contribution of these location operations {0 
the total retrieval latency may differ. The present 
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Paper sets out to isolate these two operations and 
to relate each to the syntax of example sentences. 

Two experiments were carried out. In the first, 
Ss responded to stimulus words giving the follow- 
ing word from the sentence; in the second, Ss 
merely stated “yes” or “no” to indicate presence or 
absence. 

Experiment I: Method—Two sentences were 
used, both being instances of a simple active form. 
The actual sentences were the following: (a) 
Those brave young boys rode your large white 
horse; and (b) This poor cold girl stole some neat 
black shoes. 

The Ss were 20 undergraduate students in the 
University of Dundee. They were tested indi- 
vidually and each experienced only one sentence; 
thus 10 Ss had Example a and the remainder 
Example b. An S was presented with a card 
bearing the sentence and asked to read it out loud 
and then recall it to a criterion of three consecu- 
tive correct recalls. A random series of stimulus 
words was then presented, consisting of two in- 
stances of each word in the sentence. АП Ss ex- 
perienced different random orders. Each stimulus 
word was exposed for 2 sec. in a tachistoscope. 
There was a 5-sec. delay between one stimulus and 
the next, and a "ready" signal preceeded each 
stimulus. The Ss were instructed to respond to 
every stimulus item by giving, as quickly as pos- 
sible, the word immediately following it in the 
sentence. When the final word of the sentence 
Occurred as a stimulus, Ss were instructed to say, 
as quickly as possible, "nothing." After completing 
one test series of 18 items, Ss were practiced to 
the original criterion and responded to a new ran- 
dom series of stimulus words. This procedure 
was repeated a third time; thus each S was tested 
over three presentation orders for the same sen- 
tence, any order comprising 18 stimulus words. 
The entire testing session was tape-recorded and 
lasted approximately 1 hr. 

Response latency was timed using the procedure 
described in Wilkes and Kennedy (1969). 

Results and discussion.—Mean response laten- 
cies averaged at all positions for the two sentences 
are shown in Fig. la. 

The total latency scores for both sentences at 
each of the nine positions were submitted to an 
analysis of variance in which Sentences and Posi- 
tion were main factors. In the few cases where 
Ss responded incorrectly or omitted to respond 
at particular positions, average values were in- 
serted and a proportionate reduction in the degrees 
of freedom for the error term was made. Sen- 
tences were not a significant factor, F < 1.0. Posi- 
tion was significant, F (8, 144) =3.82, Р < .001. 
The Sentences X Position interaction was not sig- 
nificant, F (8, 144) = 117, In reference to Fig. 
la, means separated by more than 145 msec. dif- 
fered significantly (р < 05). 

The overall profile based оп visual presentation 
generally conforms to the pattern found in previ- 
ous work with similar sentences (Kennedy & 
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examples combined). 


Wilkes, 1968). Within the first major constituent, 
retrieval from Positions 1 and 2 is significantly 
faster than retrieval from Positicus 3 and 4. In 
the verb phrase, retrieval from Position 5 is sig- 
nificantly faster than retrieval from Position 6, 
although not faster than from Positions 7 and 8, 
Thus, as predicted, the first words of each con- 
stituent are associated with comparatively rapid 
retrieval times. Deeper positions within a con- 
stituent tend to elicit slower retrieval. Retrieval 
latency from Position 6 is significantly slower 
than from either adjacent positions, and this finding 
is discussed below. 

The last word in the sentence produced a sig- 
nificantly slower latency than Position 1, and it 
tended to be slower than Position 5, This may 
well be due to sampling variations, but fuller 
consideration of this point is found later. 

Experiment II: Method.—The same two sen- 
tences were used as in Exp. I. The Ss were 30 
undergraduate students of either the University of 
Dundee or Dundee College of Education. They 
were tested individually, two groups of 15 each 
experiencing one of the sentences. The presenta- 
tion and learning of sentences was as in Exp. I. 
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Each S was presented with a different random 
sequence of stimulus words, consisting of two 
instances of each word in the sentence and 18 
other four-letter words not found in the sentence 
and chosen for a high frequency of occurrence. 
Stimulus words were presented for 2 sec. in a 
tachistoscope. A “ready” signal preceded each 
presentation, and S was instructed to Say, as quickly 
as possible, either the word “yes,” indicating that 
the stimulus was in the sentence, or the word “no,” 
indicating its absence. After completing one test 
series of 36 items, Ss practiced the sentence again 
and were then tested with a further random se- 
quence of 36 items: the 18 yes words and a 
different set of 18 no words. This procedure 
was repeated a third time. A total of 54 no words 
was used, randomized separately for each S across 
the three blocks of presentations. Stimuli were 
presented at a steady rate every 5 sec. 

Latency measurement was the same as in Exp. I. 

Results and discussion—Only response latencies 
to yes words were tabulated. Mean latencies at 
all positions for both sentences combined are shown 
in Fig. 1b. 

An analysis of variance was carried out on the 
total latency at each position across the three 
blocks of presentations. Factors were Sentences 
and Position. Missing cases were dealt with as in 
Exp. І. A significant effect was found for sen- 
tences, Р (1, 28) = 4.36, р < .05, but the Sentences 
X Position interaction was not significant, F (8, 
224) < 1.00. Latency at all positions was somewhat 
faster for Sentence b. Position was highly sig- 
nificant, Е (8, 224) = 5.98, р <.001. In general, 
means separated by more than 35 msec. in Fig. 1b 
differed significantly (р < .05). 

Rapid location appears to be possible within the 
sentence at Positions 1, 2, 4, and 9. Latency of 
location for stimulus items is obviously related to 
the structure of the sentence employed. There are, 
however, certain points of difference between the 
time to locate and the time to retrieve an item 
from the sentence. Retrieval latency at Position 
4 has generally been found to be high, although 
not always significantly greater than Position 3. 
Location latency for this point, the head noun of 
the first noun phrase, is relatively fast. 

General discussion—Both retrieval and location 
profiles reflect in different ways the structure of 
the sentences used. Figure 1b indicates that loca- 
tion at the major constituent boundary (Position 4) 
is fast, suggesting that the relatively long latency 
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in retrieving at this position is due not to a diffi- 
culty in locating the stimulus item, but to the 
operation of scanning two constituents to provide 
the response. A similar argument is applicable to 
Position 9. . 

Referring to the earlier analysis of the composi- 
tion of retrieval latency, subtraction of location 
time from retrieval latency at each position should 
in theory provide an estimate of the time to locate 
a response. It will be realized, however, that 
indicating presence or absence of a word is not 
entirely equivalent to locating its actual position in 
a sentence. Assuming at least a rough equiva- 
lence between the two, it has been predicted that 
pure response location time should increase in a 
linear fashion within each immediate constituent of 
the sentence. 

Figure 1с gives the result of subtracting stimulus 
location time from retrieval latency at each posi- 
tion. This graph is at best an ordinal profile for 
response location. It differs from Fig. la and 1b 
in presenting only the time to locate the response 
for each given stimulus, 

Considering the noun phrase, there is a clear 
tendency for times to increase from first to last 
word. In the verb phrase, rapid response location 
is found at the initial word of the constituent, but 
there is no systematic increase from first to last 
word. The long latency at Position 6 could be 
seen as indicating a structural break not predicta- 
ble from constituent analysis, Position 7 serving as 
a fresh access point. The systematic increase in 
response location from Position 7 to 9 is entirely 
consistent with the predictions from serial scanning. 

The location and retrieval times obtained con- 
tinue to support the hypothesis of separate access 
to sentence constituents. The encoded units in 
memory are in some respects remarkably similar to 
the units suggested by immediate constituents, but 
the determinants of the further structural group- 
ings reported here remain to be found. 
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SPREAD OF EFFECT OR SPREAD OF RECALL: A FAILURE TO 
REPLICATE NUTTIN’S FINDING 


JOHN BREBNER,! JEANIE ROBINSON, ax» JANE YOUNG 
University oj Dundee 


The recent revival of interest in Nuttin’s (1949) “spread of recall” phe- 
nomenon led the authors to attempt a replication of his finding. The results 
obtained, however, are in line with the Thorndikian spread of effect and 


offer no support for a spread of recall. 


A possible resolution of this appar- 


ent conflict of fact may be found if the spread of effect gives way to a 
spread of recall phenomenon as the difficulty of committing test items to 


memory increases. 


In an interesting series of experiments by Nuttin 
(1949) his Ss selected one of several nonsense 
words as a “translation” of a real word and were 
rewarded/punished by being told their choice was 
right/wrong according to a prearranged schedule. 
On a subsequent trial Ss were asked to recall each 
translation choice and to say whether their re- 
sponse had been right or wrong. The order of 
items on the second (recall) trial differed, how- 
ever, from the order on the first (learning) trial. 
The recall list was arranged so that items which 
were nearest rewarded items on the learning trial 
were farthest from rewarded items on the recall 
trial. Similarly, those farthest from rewarded 
items on the learning trial were brought nearest to 
the rewarded items on the recall trial. The ques- 
tion asked by Nuttin was whether proximity to 
reward was effective on the learning trial, as one 
would expect from the spread of effect, or on the 
recall trial. Using the number of wrong responses 
which were recalled as having been rewarded as 
his measure, Nuttin showed that there were sig- 
nificantly more of these errors among items nearest 
reward on the recall trial. 

While this result is damaging to the Thorndik- 
jan view of the spread of effect phenomenon, Nut- 
tin saw his spread of recall result as complement- 
ing rather than supplementing the original inter- 
pretation. The spread of recall. result was tenta- 
tively explained through Ss retaining some idea of 
the pattern of rewards/punishments in the learning 
trial and working to this on the recall trial — 

Recently, interest in Nuttin's (1949) findings 
has been reviving (Brebner & Drever, in press; 
Greenwald, 1966; Marx, 1967; Postman, 1966), 
but no replication of the spread of recall phenome- 
non appears to have been undertaken. The present 
experiment, performed on lines very similar to 
Nuttin's second experiment, set out to remedy this. 
_Mcthod—The verbal materials used were two 
different lists of 50 items, Each item consisted of 
a four-letter word taken from the AA list in the 
Thorndike-Lorge (1944) word count and four 
nonsense syllables of low association value taken 
from Hilgard (1951). Each list had two versions 
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—the original version which § worked with during 
the learning trial and the same list in a pre- 
arranged order which S used during the recall 
trial. 

Rearrangement of the order copied Nuttin’s 
(1949) approach. Hence rewarded items kept the 
same positions in both lists; likewise, items two 
steps away from a rewarded item did not change 
their position. With two exceptions detailed be- 
low, items between rewarded items exchanged po- 
sitions on the recall list with those five or six 
steps removed from reward. Items next to one 
rewarded item exchanged positions with those 
three or four steps from reward. The first two 
items kept the same positions in both lists. Fi- 
nally, since there were two more items between 
rewards than at five or six removes from reward, 
two of these "between" items exchanged positions. 
Twelve items were rewarded. The number of 
items between rewards, plus those next to one 
reward, which totalled 13 items, equalled the 
number of items at three, four, five, and six 
removed from reward. Table 1 summarizes the 
changes in positions of items. 

Each S was told that the experiment was 
one on memory. He was instructed that one 
of the four syllables was a translation in a non- 
sense language of the word alongside. The S’s 
task was to memorize the syllable he chose and 
whether it was right or wrong. The E read out 
the stimulus word, S made a choice of one of the 
four nonsense syllables within 5 sec., and E said 
whether the choice was right or wrong according 
to the prearranged pattern of reward and punish- 
ment. The E moved on immediately to the next 
stimulus word until the list was completed, 

After presentation of the first list, S' gave his 
list to E, who placed it out of S's sight. When 1 
min. had elapsed, S was given the second list and 
asked to recall, as E said each stimulus word, the 
syllable he had chosen and whether it had ‘been 
right or wrong. 

The experiment was carried out on 39 students at 
Dundee University, 19-22 yr. old, all of whom were 
naive with respect to the aim of the experiment, 
Seven Ss volunteered that they became aware of 
changes in the relative positions of certain items 
during the recall trial. 
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" LA 
Presentation 
order ы = - 
| Overall : | Overall 
1 sec. 2 sec. | 4 sec possem 1 sec. 2 sec. 4 sec means 
5 7.62 (1.65) | 7.12 (1.83) | 7.25 (1.20) 7.33 5.37 (1.49) | 7.12 (1.45) | 6.62 (1.22) 6.37 
Constant Ee tron 7.50 (2.06) | 7.88 (1.45) 6.71 3.62 (1.65) | 5.50 (1.00) | 5.62 (1.87) 4.91 
EU means | 6.18 7.31 7.56 4.49 6.31 6.12 


Note.—Standard deviations are in parentheses. 


For testing, instructions specified that 5 pronounce 

the S item as it appeared and attempt to furnish 
atching word. 

Bp and discussion—The data for the six 

groups are summarized in Table 1, which shows the 

mean number of correct responses. 

To evaluate the data a 3X2X2 analysis of 
variance was carried out. The analysis showed a 
significant effect due to associative value, F (1, 
84) = 15.81, p<.01. This indicates that there were 
more correct responses with high-association (HA) 
than with low-association (LA) pairs. The analy- 
sis found significantly more correct responses at 
slower test rates, F (2, 84) = 891, p<.01. The 
constant order was found to yield significantly 
more correct responses than the random order, F 
(1, 84) = 9.07, p<.01. Of the interactions, only 
Test Rate X Order of Presentation was found to 
be significant, F (2, 84) = 3.51, p < .05. 

Basic to this interaction was the superior per- 
formance of Ss trained and tested under constant 
conditions compared to Ss trained and tested under 
random conditions at the test rate of 1 sec. The 
disparate performance of these two groups becomes 
progressively less substantial as test rate decreases 
from 1 to 4 sec. 

The results of both Newman and Saltz (1962) 
and Martin and Saltz (1963) may be understand- 
able in terms of their different experimental condi- 


tions, specifically the difference in associative value 
of stimulus terms. In the present study there was 
a random-constant difference for LA stimuli, 
whereas with HA stimuli PA learning was less 
affected. However, this interaction fell quite short 
of significance, apparently because of the “ге- 
versal" of the normal situation at HA and 1-sec. 
test rate (see Table 1). Test rate has also proven 
to be an important parameter, and the results of 
this study indicate the LA S terms to be affected 
by such rate change more than HA S terms. 
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Recognition and recall of digit series were studied as a function of segmental 
groupings imposed on the series either by the location of pauses or in the 
naming of successive numerical groups, e.g., 1735 was read to S as "seven- 
teen, thirty-five.” Experiments show that alteration of group structure of 
the same underlying digit string severely degraded memorial recognition of 
its repetition and that the normal improvement in immediate recall with 
repetition was annihilated by changing groupings at each presentation. 
Although a second presentation of a string with altered groupings is not 
recognized as a repetition of its earlier occurrence, this event is equivalent 
to an exact repetition when they are assessed by S’s later ability to recognize 
an ungrouped version of the underlying string. Repetition with the same 
groupings establishes one strong trace, whereas repetition with changed 
groupings establishes two weak traces either of which may mediate recog- 
nition of the uncoded version of the string. The “reallocation” hypothesis 
was proposed as a summary of these results, whereby group structure affects 
perceptual coding, which determines “where” the trace of the event is stored, 
This was contrasted to a “bin” hypothesis for serial recall. Experiments to 
differentiate these involved recall of strings in which only a subsequence or 
portion recurred. As predicted by the reallocation hypothesis, recall of the 
recurrent constant chunk improved only when it was located at the beginning 
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GROUP STRUCTURE, CODING, AND MEMORY FOR DIGIT SERIES* 


of the string. 


The following experiments concern the 
relationship between group structure, per- 
ceptual coding, and recall and recognition 
measures of memory for a digit series. A 
basic strategy that $s apparently employ in 
learning an arbitrary series of symbols is to 
segment or group successive items into sub- 
jective chunks, emphasized perhaps by im- 
Plicit vocal stress or pausing. With digit 
Series, this segmental parsing may even be 
reflected in the words S uses in representing 
the series, e.g., the series 37946 might be 


grant (MH- 


1 This research was supported by а n 
National In- 


13950) to the first author from the 
Stitute of Mental Health. 
2 Requests for reprints should be sent to Gordon 
„Bower, Department of Psychology, Stanford 
niversity, Stanford, California 94305. 


1 


coded as “thirty-seven, nine hundred forty- 
six.” 

Although this segmental coding might be 
considered to reflect the transfer, to digit 
series of Ss’ habits of performing syntactical 
parsings of sentences, the division of a digit 
series into subjective chunks may serve sev- 
eral purposes for the learner. First, the 
subjective chunks are small (2-4 digits) and 
are themselves easily learned, so S’s task is 
reduced in part to seriating a smaller num- 
ber of units than was true before groupings 
were imposed. Second, the groupings might 
be imposed in a manner calculated to pro- 
duce a rhythmic pattern. For example, a 
series of 10 digits might be so segmented as 
to produce a repetitive triplet-doublet pat- 
tern, such as (ххх) (хх), (ххх) (xx), 
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where accent marks are placed over vocally 
stressed.symbols and parentheses represent 
phrase-marking pauses. 
^ "Neissér (1967) has speculated on the 
functional significance of such rhythmic pat- 
terns. First, the accented beats and the 
phrase-marking pauses could serve as dis- 
tinctive “anchor points" to which individual 
symbols are attached, thereby enabling S to 
keep track of their relative location in the 
series. Second, the overall rhythmic раї- 
tern might serve as a hierarchical plan for 
generating the serial list (cf. Johnson, 1965; 
Yngve, 1960). "That is, the sequence con- 
ceivably could be generated by recursive de- 
coding into, e.g. first vs. last constituents 
along the lines suggested by Yngve (1960) 
and Miller and Chomsky (1963) for sen- 
tence generation. 
Regardless of the current credibility of 
these speculations, it is sensible that the 
basic units which are assembled by a serial 
recall mechanism are going to be subjective 
groups. This more limited view was tested 
in the following experiments. One obvious 
implication is that successive symbols within 
a subjective group will be more strongly 
associated than successive symbols that go 
across group boundaries. Available evidence 
suggests this is true. For example, Mueller 
and Schumann (1894) showed strong posi- 
tive transfer when S learned a new series 
derived by piecing together functional groups 
previously learned in different series, but 
little transfer when the new series was de- 
rived by using adjacent elements from dif- 
ferent groups of the previously learned series. 
Norman? found, with the probe-digit recall 
technique for series, that associations between 
Elements » and n + 1 were high if both ele- 
ments occurred within a group (of stressed 
pairs), but were low if the adjacent pair 
occurred across group boundaries. McLean 
and Gregg (1967) reported on free emission 
of a grouped series, finding that interresponse 
times were short in recalling successive ele- 
ments within a group, but were longer be- 
tween group boundaries. Such results sug- 
gest that perceptual groupings imposed by 
S or E define the boundaries of functionally 
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integrated response units. In addition, Gar- 
rett (1965) found that a pause in-an audi- 
tory digit series determined "perceptual 
units" insofar as a superimposed click was 
perceived as having occurred closer to the 
pause than it in fact did (cf. Fodor & Bever, 
1965). 

If it is true that S learns a series by im- 
posing stable functional groupings on it, it 
follows that learning could be seriously re- 
tarded by forcing S to adopt different group- 
ings each time the same series recurs. It is 
this prediction which was tested in the first 
three experiments: For some series the same 
group structure recurred repeatedly, whereas 
for other series the group structure differed 
every time the series recurred. The predic- 
tion was simply that repetition of a series 
with the same group structure would lead 
to improvements in its immediate recall, 
whereas repetition with a changing group 
Structure would produce relatively little im- 
provement in recall. 

These studies required that E largely con- 
trol the groupings adopted by S. A variety 
of methods are available for achieving this 
end: For visual presentation, E could intro- 
duce spaces, dashes, or parentheses to mark 
the groups, as in 17-586; with auditory pre- 
sentations, E could say the digit names with 
rhythmical stress and pausing, as in “опе 
SEVEN ... five eight SIX,” or E could say 
the common names of the numerical groups 
with pauses, as in "seventeen . . . five hun- 
dred eighty-six.” Intuitively, the latter 
method, saying the group names to S, ap- 
pears to afford the strongest control over S'S 
groupings, so this method was adopted in all 
but one of the experiments. This direct 
phonemic coding of groups should produce 
the largest behavioral effects; the alternative 
methods may be expected to produce similar 
effects to the extent that they determine $'s 
grouping of the series. 


EXPERIMENTS I Амр II 


The first two experiments investigated the 
benefit for recall of repeating a digit series 
either with the same or with a constantly 
changing group structure. Experiment . 
used 9-digit strings; Exp. II used 12-digit 
strings in order to produce a larger effect 


GROUPING, CODING, AND MEMORY FOR DIGITS 3 


of the variable. The design was one intro- 
duced by Hebb (1961) and since studied by 
Melton (1963) and others, in which a par- 
ticular digit string periodically recurs among 
a set of constantly changing items. Interest 
centers on improvement in immediate recall 
of the recurring string. 


Method 


Experiment I.—Ninety permutations of the digits 
1-9 were taken from the tables of Moses and Oak- 
ford (1963) disallowing series with more than one 
adjacent pair in natural serial order. Each nine- 
digit string was subdivided haphazardly into suc- 
cessive digit groups of Sizes 1, 2, 3, or 4; the 
only restriction was that the number of groups in 
each string not exceed five, but within this re- 
striction there was considerable variation in the 
number of groups, the number of groups of each 
size, and the sequence of group sizes in each nine- 
digit string. These 90 items were assigned to 10 
blocks of 9 items; one of these items was designated 
to be the recurrent item and was presented on 
Trials 3, 6, 9, and 12 of the block, and the re- 
maining 8 items were designated as noise items, 
presented once each. With letters representing 
distinct digit strings, each block followed the para- 
digm abCdeCfgChiC, where C is the recurring 
item in the block. For 5 of the 10 blocks, the re- 
current item retained the same groupings over its 
four trials. For the remaining 5 blocks, the re- 
current item had its group structure changed over 
its four trials. For example, the recurrent item 
coded as (17) (683) (945) (2) on its first occurrence 
might be coded as follows on its next three pre- 
sentations: (176) (8) (394) (52), then (1) (768) 
(39) (452), and then (1768) (3) (94) (5) (2). These 
grouped digit strings were recorded on a Wollen- 
Sak tape recorder by saying the numerical name 
of each group followed by a brief pause. Timing 
relations are difficult to specify exactly, but all 
Strings were read in approximately 6 +.5 sec. — 

Individual Ss received instructions about immedi- 
ate recall and the blocked nature of the experiment, 
but no mention was made of recurrent items. After 
the warning signal “Ready,” they were to listen 
to each string, and when a terminal click oc- 
Curred immediately after the last number, they 
Were to begin writing the individual digits in left- 
to-right order in nine blank spaces provided on an 
answer sheet. The S was told that each series 
Consisted of a permutation of the exhaustive set 
~9. He was further told that his recall score 
Would be the number of digits written 10 their 
Correct location and that he could either guess at 
Ог leave blank those positions he could not гетет- 
s He did not have to indicate the groupings 
VERI just the underlying digit sequence. The 
еса] period was 7 sec. (usually more than ample 
time) ; there was no feedback, and 5 covered up 

is successive recall lines with a cardboard before 
€ heard and recalled the next series. 


The 10 blocks of items, 5 with repetition same 
and 5 with repetition different, were given to 
Ss in different random orders. There was a 30- 
sec. pause between blocks while E advanced the 
tape recorder to the starting place for the next 
block. 

The Ss were 12 undergraduate students fulfilling 
a service requirement for their introductory psy- 
chology course. 

Experiment IL—The design was similar in all 
respects to Exp. I with the following changes: 
(a) Each series was 12 digits long; and (b) the 
block size was eight strings long, symbolized 
aBcBdBeB where the recurrent string B appeared 
four times separated by a noise string. The 12 
digits in a string were obtained from the first 12 
entries in tables of random permutations of the 
numerals 1-20 (Moses & Oakford, 1963), deleting 
10 and 20 and rewriting 11-19 as 1-9. Thus, each 
digit type from 1 to 9 could appear zero, one, or 
two times in the string, and the number of digit 
types with two tokens varied from three to five 
over the strings. Two consecutive tokens of the 
same digit were disallowed. Each string of 12 
digits was divided into no more than seven groups 
of Sizes 1, 2, 3, or 4 in a completely haphazard 
fashion. The grouped digit series were tape- 
recorded at the approximate rate of one string in 
7.5 sec. There were 10 blocks of trials conforming 
to the aBcBdBeB paradigm. In 5 of these blocks 
the recurrent string was repeated with the same 
group structure (RS), and in 5 it changed (RC). 
Recall time was 10 sec. and the interblock rest 
intervals were 30 sec. The Ss were 12 under- 
graduate students from the same source as Exp. I. 


Results 


Experiment I.—Recall protocols were 
scored in terms of two indices: (a) whether 
or not the entire string of nine digits was 
recalled correctly and (b) the number of 
digits recalled in their correct absolute posi- 
tion. There was relatively little change over 
the 10 blocks of the experiment, so the blocks 
were pooled. Using the notation abCdeCfg- 
ChiC to denote each block, there are three 
item types: (a) the once-presented noise 
items (N), distinguished as the first two 
(ab), the second two (de), etc.; (b) Item C 
when it recurs with the same group structure 
over its four trials, abbreviated RS for “те- 
peated same"; and (c) Item C when it re- 
curs with a different group structure on each 
of its four trials, abbreviated RC for “re- 
peated changed." 

Figure 1 shows the results of the first 
recall measure, the proportion of strings that 
are recalled perfectly over the four trials 
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correct in immediate recall over four presentations. 


within each block. The points for the R 
curves are each based on 60 (12 Ssx 5 
blocks) observations, while the points for 
the N curves are each based on 240 observa- 
tions. For the N items, there was a sig- 
nificant decline over the four portions of the 
block, F (3, 33)— 3.98, р < .05, possibly 
reflecting within-block proactive interference 
that dissipates with the rest interval between 
blocks. The feature of interest in Fig. 1 
is a marked improvement over trials in recall 
of the recurrent item repeated with the same 
group structure and a nonmonotonic curve 
for the recurrent item repeated with differ- 
ent groupings. The Trials X RS vs. RC 
Items interaction is significant, F (3, 33) = 
6.53, р < .01, indicating a greater learning 
effect for the RS items. Average propor- 
tions of totally correct recalls over the four 
trials are .44 for RS items, .31 for RC items, 
and .33 for N items. The RS items exceed 
the latter two, but the RC and N items do 
not differ significantly. 

A similar picture emerges if recall is scored 
in terms of the number of errors per string. 
Error scores averaged around 1.95 out of 
9 possible. Combining the first two vs. last 
two trials, the respective mean error Scores 
were 2.09 vs. 1.13 for the RS items, 1.94 vs. 
1.90 for the RC items, and 180 vs. 2.05 
for the N items. The "learning effect," in- 
dexed by a reduction in error scores from 
the first to the second half of the trials, is 
.96, .04, and —.25 for the RS, RC, and N 
items, respectively. Pairwise ¢ tests on these 
error reduction scores showed the RS items 


to be significantly different from the others, 
t (11) = 4.53 for RS vs. RC, but the RC 
and N items did not differ significantly, 
t (11) = 1.13, p> 20, 

The results of Exp. I confirmed expecta- 
tions. A series repeated with the same group 
structure was recalled progressively better 
despite the intervention of two noise items 
between presentations. А series repeated 
with differing group structures showed little 
improvement, being recalled no better than 
once-presented control items. This happened 
despite the fact that S was writing down 
exactly the same sequence of digits each 
time the recurrent item occurred (albeit 
with different input groupings). 

Experiment II.—The principal results are 
shown in Fig. 2 in terms of the mean errors 
in recall рег 12-digit string. As expected, 
the base level of errors on N items was 
quite high, around six per series. As in 
Exp. I, there was a significant within-block 
regression in recall of the N items, F (3, 33) 
= 4.20, р < .05. The RS and RC items dis- 
play recall trends similar to those in Exp. I; 
there is a sharp reduction in errors over 
trials for the RS items, but virtually constant 
recall over trials for the RC items. The RS 
vs. RC x Trials interaction is highly signifi- 
cant, F (3, 33) = 8.00, p < .01, indicating 
the differential learning in the two cases. 
Figure 2 shows that Exp. II succeeded in its 
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Fic. 2. Mean number of errors per 12-digit string 
in immediate recall over four presentations. 


GROUPING, CODING, AND 


main purpose, viz., demonstrating a dramatic 
improvement for RS items and virtually none 
for RC items from a low-base-line perform- 
ance. 

Further analyses were done to locate the 
Specific source of improvement over trials 
for the RS items. To this end, a measure 
of adjacent item association was used, viz., 
the conditional probability that Element л + 
l was not recalled correctly given that Ele- 
ment n of the series was recalled correctly. 
This transition error probability (TEP) was 
computed separately for all n to л + 1 transi- 
tions which fell within a group (called 
within-group TEP) and for all those ж to 
п + 1 transitions which went across group 
boundaries (between-group TEP). The left 
panel of Fig. 3 shows these two measures 
for the four N items of each block. The 
within-group TEPs are uniformly lower 
than the between-group TEPs, indicating 
stronger adjacent associations within than 
between groups. Over the four N items of 
each block, the within-group TEPs remained 
approximately constant, whereas the be- 
tween-group TEPs exhibited a steady rise, 
revealed in the increasing recall errors for 
N items in Fig. 2. The RC items yielded 
functions similar to the N items, but these 
were more irregular and are not presented. 
A graph of these statistics for the RS items 
appears in the right-hand panel of Fig. 3. 
Again, the within-group TEPs began low 
and remained relatively constant over the 
four trials; the between-group TEPs began 
higher, but progressively decreased to very 
near the level of the within-group TEP. 
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These data indicate that the main benefit of 
repetition for RS items was in improving 
the transitions between successive groups, 
but that repetition helped relatively little in 
integrating the elements within each group. 
By analogy to textual material, the digit 
groups appear to be acting much like words, 
and the effect of repetition is to build up 
compounds or higher order strings of words. 

Serial position curves.—lt is of interest 
to investigate how the serial position error 
curve is affected by the grouping of the 
series. The recall of those noise strings 
which had the same group structure was 
pooled. A serial position curve for one 
example is shown in Fig. 4, where the group 
sizes were 2, 3, 2, 3, 2. Other group struc- 
tures displayed similar patterns. Although 
the general bowed shape of the classic serial 
position curve is apparent, there are also 
clear bumps and troughs in the curve cor- 
responding to the location of the imposed 
groupings. A more revealing analysis of 
the serial recall is the TEP statistics shown 
in Fig. 5. The TEP plotted over Index i 
is the conditional probability of an error on 
Element i given a correct recall of Element 
i—1 of the series. At i = 1 is plotted sim- 
ply the error probability of the first digit 
in the series. The transitions moving into 
a new group in the series (the between-group 
TEPs) are crosshatched. It is clear that 
errors predominate in recalling across group 
boundaries and that transition error prob- 
abilities decline over successive elements 
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Digit п + 1 given correct on Digit n for items 
in Fig. 4. 


within the same group. The TEP profile 
is in fact very similar to those reported by 
Johnson (1965) for sentence recall, where 
his constituent phrase boundaries correspond 
to the present digit groupings. Even in this 
TEP analysis, however, there is still a de- 
cided serial position effect on between-group 
TEPs, i.e., the crosshatched bars increase, 
then decrease over serial position. 

There were insufficient observations on 
particular group structures for RS items to 
analyze in detail which between-group TEPs 
showed the larger improvements with repeti- 
tions. A plot of serial position error curves, 
averaged over all RS items, showed marked 
improvement over repetitions in recall prob- 
ability at all serial positions except the last 
two (which had very high recall probabilities 
every trial). 


Summary 


In summary, the first two experiments have 
shown devastating effects on recall of altering 
the phrase structure of digit strings. The nor. 
mal improvement in recall with repetition was 
practically annihilated by changing the group 
structure at each repetition. The results sug- 
gest a critical relationship between perceptual 
coding of material and the learning effect nor- 
mally induced by its repetition; viz., for multi- 
trial learning to occur, the material must be 
coded in substantially similar ways over suc- 
cessive experiences with it. The results sug- 
gest a hypothesis which supposes that the per- 
ceptual coding of the input material determines 
a metaphorical “location in memory” at which 


it is stored. If two serial sequences are coded 
in substantially similar ways, the second input 
is shunted to the same storage location, there 
to make contact with and strengthen the trace 
of the first input of this series. The hypothesis 
requires the further assumption that immediate 
recall of a series in this type of experiment is 
mediated by the strength of the trace in the 
most recently activated storage location. Thus, 
a series that is coded and stored in a consistent 
manner can accumulate trace strength to im- 
prove recall, whereas a newly coded RC item 
is shunted to a new location, and its recall from 
that location is similar to that of a once-pre- 
sented noise item. 

For convenience in the following, this will be 
dubbed the “reallocation” hypothesis. It is pri- 
marily a heuristic and a clearly metaphorical 
model, envisioning separate storage locations 
to which input series are shunted by a coding 
Process, which experiences leave behind traces 
at the storage location; and a recall mechanism 
that generates a response using the information 
in the trace at the most recently activated 
storage location. Moreover, earlier discussion 
and the TEP analysis suggest that the trace 
stored in a given location is in fact a complex 
bundle (hierarchy ?) corresponding to the indi- 
vidual groups of the structured series. A less 
metaphorical formulation would suppose that 
the present method for imposing groupings in 
fact sets up a direct correspondence between à 
grouped series and a Sequence of input 
phonemes. This view would then suppose that 
it is this phoneme sequence which is rehearsed 
and stored as a chain of associations. When an 
old digit series is regrouped, it now produces 
а new phoneme string; this fails to “contact 
the trace of the phoneme string used previously, 
and hence no repetition effect is observed in its 
recall. This phoneme view of matters is at- 
tractive because other evidence (cf. Adams, 
1967) suggests that immediate memory is af- 
fected by phonemic variables. However, Exp: 
ПІ introduces some complications to this simple 
phoneme view of matters. 


EXPERIMENT III 


A relevant question is whether the null 
learning observed with RC items in Exp. 
and II depends critically on the direct 
phonemic coding of the number groups 1^ 
the repeated Sequence. According to the 
phoneme view discussed above, the digit 
groupings were relevant only insofar as they 
determined the sequence of phonemes which 
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Fic. 6. Mean number of errors per 12-digit string 
in immediate recall over four presentations. 


S heard. Experiment III therefore com- 
pared learning of RS and RC items with an- 
other grouping method that does not directly 
vary the phonemic structure of the input 
string. This alternate method was simply 
to read the digit names with pauses between 
groups. Thus the sequence 185-62, formerly 
read to S as “one hundred eighty-five, sixty- 
two" in Exp. I and II, was read to S as 
"one eight five... six two" in Exp. ПІ. In 
this case, for RC items S heard exactly the 
same sequence of phonemes—only the loca- 
tions of the pauses changed over repetitions 
of the same series. 


Method 


Procedure—The design, procedure, and mate- 
Tials were identical to those in Exp. II, with only 
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the grouping procedure changed. All 12-digit 
strings were rerecorded by saying the digit names 
(approximately 3/sec rate) with a distinct pause 
(approximately 1 sec.) between groups. Duration 
of the strings was 8-10 sec. depending on the 
number of groups (and pauses) in the string. The 
Ss were 12 undergraduates from the same source 
as Exp. I. Their instructions were identical to 
those for Exp. I and II. 


Results 


The miean recall errors per string are 
shown in Fig. 6 for the three conditions, N, 
RC, and RS. The overall pattern is strik- 
ingly similar to that in Exp. II (cf. Fig. 2). 
Errors on RS items decrease, on N items 
increase slightly, and on RC items remain 
relatively constant over trials. The RC vs. 
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Fic. 8. Conditional probability of an error on 
Digit л +1 given correct on Digit п for items in 
Fig. 7. 


RS Items X Trials interaction is significant, 
F (3, 33) = 11.01, р < .01, replicating the 
differential learning rates observed in Exp. 
II for these two cases. Further analyses of 
TEP statistics for N items showed serial 
position patterns remarkably similar to those 
in Exp. П. One example pattern, 23232, 
yielded the serial position curve and TEPs 
shown in Fig. 7 and 8. This pattern may 
be compared to Fig. 4 and 5 for the same 
group structure but with phonemic coding of 
the groups. The overall similarity of the 
two patterns suggests that simple pauses in- 
duce functional groupings just as strongly 
as does phonemic coding. 

It may be concluded that the null learning 
of RC items is not a simple consequence of 
direct alteration of the phoneme sequence 
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produced when different groupings dictate 
different numerical names for the groups be- 
cause the same null effect is produced when 
RC items involve the same input sequence 
of phonemes, differing only in the location 
of pauses. Thus, the temporal segmentation 
of the sequence determines the recall units, 
and these units shift as the segmentation 
on defensible view is that although the 
input string is digit names with pauses, the 
segmentation comes to be represented in 
terms of S's implicit naming of numerical 
groups. Thus, “опе seven . m ? is renamed 
“seventeen” by S. This is plausible; it 
would also salvage the phoneme theory since 
it would be claimed that Ss in Exp. III were 
stimulating themselves in the manner that E 
was stimulating 5 in Exp. II where RC 
items showed no benefits from repetition. A 
minor problem with this account, however, 
is Ss’ introspective reports in Exp. III; most 
of the Ss claimed that they were not doing 
this phonemic coding into names of numerical 
groups. But such introspections should 
probably be interpreted with caution. 

In any event, with this hedge about im- 
plicit phonemization, it now becomes difficult 
to discriminate between the phoneme hypoth- 
esis and the reallocation hypothesis. In the 
following, they will be treated as roughly 
equivalent, but results will be discussed in 
terms of the reallocation concepts. 


EXPERIMENT IV 


Supposing the correctness of the realloca- 
tion hypothesis, what does it imply about 
recognition memory? The simplest view 
would be that recognition of identity de- 
pends on the new experience being shunted 
to a storage location where there is an old 
trace. If the old trace there is strong enough 
to effect a substantial match to the new 
input (e.g. the matching score exceeds a 
statistical decision criterion), then S will 
report that he recognizes the current input as 
a substantial repetition of a series he ex- 
perienced earlier. If the group structure 
and coding of the input string determine the 
storage location to which it is shunted, it 
then follows that recognition memory for 
identity should be seriously degraded by 


altering the input coding between the first 
and the second presentation of the same 
series. This implication was tested in 
Exp. IV. 

This account places recognition of identity 
in a pivotal role with regard to the beneficial 
effect on recall of multiple repetitions. A 
failure to recognize the current input as “old” 
provides a fairly clear indication that its 
recall will be divorced from the potential 
benefits of prior presentations. Some evi- 
dence is available with respect to this impli- 
cation. First, and anecdotally, Ss in Exp. 
I, II, and III never spontaneously reported 
recognition of identity for repetitions of RC 
items, but often did for RS items. Second, 
experiments by Martin (1967) and Bern- 
bach (1967) have shown for paired-associate 
learning that when S fails to recognize the 
stimulus term as “old,” his paired-associate 
response on that trial is a sheer guess. More- 
over, the subsequent course of learning for 
such items is best characterized by saying 
that the occurrence of a recognition failure 
“resets” the item back to the beginning, 
where S started with total ignorance of that 
item. Third, experiments by Kintsch and 
Morris (1965) and Kintsch (1966) on mul- 
titrial recognition learning have shown that 
recognition failures act like recurrent “те- 
setting" events over the trial series; once а 
recognition failure occurs, practically the 
entire preceding history of reinforcements 
with that item can be written off as virtually 
ineffective for later recognition responses: 

Experiment IV used the continuous rec 
ognition paradigm introduced by Shepard 
and Teghtsoonian (1961), in which 5 gives 
recognition responses to a long series O 
items, half of which are repeats of earlier 
ones. Half of the items were RS and hal 
RC repeats, and each type was tested at 
lags ranging from 1 to 24 intervening items 


to provide full information about the reten- 
tion curve. 


Method 


Design and procedure—The S heard a series of 
305 grouped five-place numbers, had to judge еа" 
as new or old, and assign one of three confidenc 
ratings to his judgment (guess, moderate, certain; 
The five-place numbers used were the first r 
entries in tables of random permutations of th 
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digits 1-9, No 2 items were permitted to have 
more than the same three digits in identical serial 
order, e.g., the pair 71284 and 12853 would be dis- 
allowed. There were 155 items in all; 150 were 
presented twice, and 5 filler items were pre- 
sented once, accounting for the 305 in the series. 
Each item was subdivided into two, three, or four 
groups at random, and the sequence of numerical 
names of these groups was recorded on tape; 
reading was at a rate of approximately 3 sec. for 
each five-digit string. For 75 of the repeated 
items, the second presentation of the item was 
read with the same group structure (RS); for 
another 75, the second presentation involved a 
marked change in group structure (RC). The 
two item types were distributed randomly through- 
out the input series. The trial sequence was so 
arranged that approximately one-sixth of each 
type of item had its second presentation at lags 
of 1, 3, 6, 9, 12, or 24 intervening items after its 
first presentation. 

The 16 Ss were undergraduates from the same 
source as Exp. I. They were assigned in random 
alternation to two groups of 8 Ss. After standard 
information about the task, the 8 Ss in the “naive” 
condition were told that the strings would be read 
grouped, but that they should make their recogni- 
tion ratings with respect to the underlying digit 
Series irrespective of its grouping. The 8 Ss in 
the “informed” condition were further forewarned 
explicitly that for half of the items the second 
Presentation would be grouped differently than the 

rst presentation, and they should try to concen- 
trate only on the underlying digit string 1n making 
their recognition judgments. 


Results 


„The main results are shown in Fig. 9 
giving proportion of recognition (“old”) re- 
Sponses to RS and RC items at Lags 1-24, 
averaged over the two instructional condi- 


tions. The average false-alarm rate on new 
items was .42, so performance on RC items 
still exceeded chance even at Lag 24. Rec- 
ognition of RS items obviously exceeded 
that of RC items, as predicted. The RS vs. 
RC difference appears to affect recognition 
in nearly a constant manner independent of 
lag; ie., the probability curves are approxi- 
mately parallel over lags. This parallelism 
holds as well when performance scores are 
transformed into the d's of signal detection 
theory (cf. Wickelgren & Norman, 1966), 
which represents an alternative measure of 
recognition performance. 

The overall results in Fig. 9 are in the 
direction predicted by the reallocation hy- 
pothesis. The declining curve for RS items 
presumably reflects the declining strength of 
the trace of the first presentation, whereas 
the RC curve reflects in addition a lowered 
probability that the second presentation 
would be shunted to the same storage loca- 
tion as the first presentation. 

From the viewpoint of the reallocation 
hypothesis, the puzzle in these data is why 
recognition of the RC items is as good as 
it is. If the second presentation of an RC 
item is coded differently from its first pre- 
sentation, why is it not treated as a new 
item, with a "recognition" probability at 
only the chance false-alarm rate? A hint as 
to a possible answer to this question is pro- 
vided by analyzing the data for the informed 
vs. naive Ss, who differed in degree of in- 
structional preparedness for the RC items. 
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Recognition performance for these two sub- 
groups on RS and RC items is displayed in 
Fig. 10. Within each group there is a large 
and nearly constant separation between RS 
and RC items, but the informed group is 
apparently performing at a somewhat higher 
level than the naive group, particularly on the 
RC items. The false-alarm rate was similar 
for the two groups: .43 for informed Ss and 
Al for naive Ss. An overall analysis of vari- 
ance on hit rate (arc-sine transforms) in- 
corporating instructional set, RS/RC, and 
lag, however, yielded significant effects at 
the .05 level for only the RS/RC and lag 
variables. Instructional set had no signifi- 
cant main effect, nor did it enter into sig- 
nificant interactions with the other variables. 

Recognition of RC items may perhaps be 
understood in terms of a recoding strategy 
which several Ss reported using. This 
strategy was simply to recode E’s grouped 
five-digit string into a standard format nam- 
ing the individual digits. Thus, the input 
string "eighty-nine, three hundred forty-one" 
would be implicitly recoded and rehearsed 
as "eight, nine, three, four, one." And, of 
course, the RC phrase "eight, nine hundred 
thirty-four, one" would be mapped into the 
same phonemic string under this standard 
recoding. To the extent that this decoding 
strategy is applied, it would tend to nullity 
the effects of the RS/RC variable and to 
produce recognition of RC items. If in- 
formed Ss used this strategy more often than 
naive Ss, then they would differ mainly on 
recognition of RC items. Although their 
results differed in this direction, it was not 
a significant effect statistically. 

This suggested factor could be checked out 
in further experiments specifically designed 
to better control S's coding strategy. The 
plausibility of such strategic complications, 
however, should not be permitted to obscure 
the main result of Exp. IV, viz., that altered 
grouping of the digit string had a drastically 
degrading effect on recognition of identity 
from memory. In reference to Exp. II, this 
recognition of repetition for RC items was 
probably much less than in Exp. IV due to 
the greater length of the strings (12 vs. 5 
digits) and the instructional set of the 
earlier Ss. 


EXPERIMENT V 


A further interesting implication of the 
reallocation hypothesis was tested in Exp. V. 
It concerns recognition of a visually uncoded 
test string after S has experienced two audi- 
tory inputs of the string, with the group 
structure of the two inputs being the same 
(RS) or different (RC). For example, after 
auditory input of (89) (341), and then (8) 
(934) (1), S would be tested for recognition 
of the visual string 89341. Suppose that 5 
will recognize this visual string as an “old” 
series that he has hear 1 if he can match it 
successfully to a trace he has in memory; 
assume further that his probability of obtain- 
ing a successful match for such a string is 
an increasing function of the number of dif- 
ferent locations at which this series has been 
stored and the strength of the trace at the 
relevant locations. That is, S will recognize 
the RC item 89341 if he can match it either 
to the trace of (89) (341) or to the trace of 
(8)(934) (1).  Presumably, he not only 
could recognize it then, but could also tell 
us something about the way the string had 
been grouped. 

By this account, comparison of recognition 
on such uncoded tests for RS and RC items 
then amounts to comparing 5"s ability to find 
one "strong" trace vs. one of two “weak” 
traces. In the absence of more detailed in- 
formation about the processes, one cannot 
predict in advance which of these cases will 
yield better uncoded recognition, or indeed 
whether they will be equivalent. However: 
one determinant prediction is that recognition 
memory in both these cases should exceed 
that for an item presented only once. In the 
terms used above, this once-presented item 
will be represented by a weak trace in only 
one location, and it should be less likely to 
be found and matched than would be 4 
strong trace in one location or a weak trace 
in one of two locations. Experiment V was 
undertaken to test this prediction. 


Method 


Design and procedure—Each 5 received 10 
blocks of input-test phases, the blocks separate 
by 30-sec. rest intervals. In the input phase 9 
each block, S listened to 12 auditorily groupe 
strings (group names), each string five digits 1018" 
The test phase which immediately followed co^ 
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sisted of 12 slides, each visually presenting 1 five- 
digit string for recognition with reference to the 
immediately preceding phase of auditory inputs in 
the block. 

The five-digit strings and their groupings were 
simt to those used in Exp. IV. Tape recording 
of the 12 strings for the input phase consisted of 
saying the grouped string (3 sec.), pausing for 
3 sec, and then saying the next grouped string. 
The 12 auditory inputs consisted of the following : 
(a) the first and last buffer items which were 
presented once, but were never tested; (b) two 
items presented once and tested; (c) two items 
each presented twice with the same groupings 
(RS) and tested; and (d) two items presented 
twice but with different groupings on the repeti- 
tion (RC) and tested. The number of items inter- 
vening between repetitions of the same string was 
three, four, or five, averaging out to four. The 
aforementioned items account for 6 of the 12 
recognition test slides. The remaining 6 test 
slides were new five-digit distractors that had 
not been previously presented in the experiment. 
The order of input and test items was so arranged 
that the number of intervening events (inputs or 
tests) between the last input of an item type and 
its test averaged out to 9, with a triangular dis- 
tribution over lags of 9, +1, 22, and +3. The 
specific digit series instancing the RS and RC 
conditions were completely counterbalanced over 
Ss, ie, a given string was an RS item for 8 Ss 
and an RC item for the other 8 Ss. The 10 blocks 
of items were presented in the same order to all Ss. 

The Ss were 16 students from the same source 
as Exp. I and were run individually. They were 
instructed. to decide whether or not each visually 
presented five-place number represented the. same 
underlying digit string as some one of the auditorily 
presented strings in the preceding input phase. 
The S responded "Old" or "New" and added one 
of three confidence ratings (guess, moderate, posi- 
tive), but received no feedback regarding the accu- 
racy of his judgments. 


Results 


Over the 10 blocks of the experiment, 
recognition performance improved signifi- 
cantly: there was about a 9% decline in 
false-alarm, rate and a 13% Tise in correct 


hits, Despite these trends, however, the rank 


Ordering of the item types remained the Eo 
he 


Over the course oí the experiment. 
average proportion of old responses to the 
Our item types are shown in Table 1. pooled 
Over the 10 blocks of the experiment. 
Pairwise ! tests on the proportions 
able 1 reveal the following pattern: (a) 
Items presented once were recognized more 
Often than were distractor items, P < 01; 
(b) items presented twice were recognized 


in 


TABLE 1 
RECOGNITION PROPORTIONS FOR UNCODED ITEMS 


Item type Proportion 
Noise items (false alarms) 40 
One-presented items .57 
Twice-presented items 
Repeated same .70 
Repeated changed NE 


more often than items presented once, both 
p's < 01; but (c) recognition of the RS and 
RC items did not differ significantly, ё (15) 
= 1.42, p > 15. 

The results confirm the prediction that 
uncoded recognition of RS and of RC items 
would exceed the once-presented items. 
Also, in this instance, presentation of the 
same grouping twice was approximately 
equivalent to presentation of two different 
groupings once each. Indexing the learning 
effect by the improvement in hit rate over the 
false-alarm rate, the results fall into a simple 
quantitative pattern: one presentation of a 
string produced an increment of .17 over the 
false-alarm rate, while two presentations of 
the string produced an average of about twice 
the increment, or .32. 

Exp. IV and V together represent a curi- 
ous reversal of effects. In Exp. IV, changing 
the coding of a series markedly degraded its 
recognition, whereas in Exp. V, repetition of 
a series with altered coding produced just 
as good recognition memory as did repeti- 
tion with the same coding. The difference, 
of course, is in the nature of the recognition 
test, whether the test string is coded differ- 
ently than the memorial string which it must 
contact or whether the test string is uncoded. 

Although generally consistent with these 
results, the reallocation hypothesis does not 
particularly clarify the processing compo- 
nents engaged when S recognizes an uncoded 
visual series as identical to a coded auditory 
series he heard earlier. One possibility is 
that S tries out several (random) articula- 
tory codings or parsings of the uncoded test 
string, attempting to match these trial codes 
to some phoneme sequence he has stored in 
memory. There are several speculative elab- 
orations possible on this theme. An alterna- 
tive possibility is that S tries to recode every- 
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thing during input and test into the same 
standard format, viz., the series of names of 
the individual digits. Then the auditory 
string “eighty-nine, three hundred forty-one” 
would map onto the same phoneme sequence 
as does the visual string 89341. Moreover, 
if Ss were to note increasingly the utility of 
this strategy as the experiment progressed, 
one could explain the observed improvement 
in recognition performance over the session, 
A problem with this account, however, is 
that unless the decoding strategy is con- 
sistently applied, it would predict poorer 
recognition for RC than for RS items. In 
the data, however, RC items were recognized 
slightly better than RS items, and this rank 
ordering was consistent over the 10 blocks 
of the experiment. A further implication of 
a “decoding strategy” explanation is that 
when S recognizes a visually uncoded string, 
he should be unable to recall anything about 
the phonemic grouping of the auditory input 
to which that string refers. The alternate 
explanation, i.e., generating trial articulatory 
codings for matching tests, would imply that 
S would have this grouping information 
available when he recognizes an uncoded 
string. (Obvious “corrections” for guess- 
ing or false alarms would have to be con- 
sidered.) Thus, future experiments might 
yield more differentiating evidence if S were 
required also to indicate the grouping that 
the test string had had during input. 


EXPERIMENTS VI AND VII 


Experiments VI and VII return to the 
immediate recall paradigm of Exp. II in an 
attempt to better elucidate the mechanism 
underlying the repetition effect in serial re- 
call Experiments I, II, and III indicated 
a practice effect for RS items but not for 
RC items. The reallocation hypothesis ex- 
plained the RC results by supposing that a 
differently coded series is assigned to a dif- 
ferent location than earlier traces of the 
series, thus precluding contact with and 
strengthening of those earlier traces to medi- 
ate better recall. According to this view, a 
correlative behavior that partially indexes 
where S shunts the current input is whether 
or not he recognizes the first few groups of 
the string as a recurrence of one experienced 


earlier. If S does not recognize the first 
few groups of the altered recurrent string, 
that means he has shunted it to a new loca- 
tion and thus has effectively divorced his 
immediate recall of that string írom the 
benefits of a prior history of experience with 
it. 

An alternative. view of matters would 
suppose that in the context of such serial 
tasks, S uses only a small number of storage 
slots or bins that are tied together in serial 
order and that all input sequences are re- 
ferred to these same bins. Suppose in par- 
ticular that the central processing mechanism 
Switches the first group (coded unit) of the 
input string into the first bin, the second 
group into the second bin, and so on, allo- 
cating the sequence of groups or coded units 
in a string to a sequence of storage bins (cf. 
Conrad, 1965; Neisser, 1967). The suc- 
cessive bins may be conceived as implicit 
positional "stimuli" to which coded response 
units become associated. According to this 
view, repetition of an identically structured 
string assures reassignment of the same coded 
response to the same bin, so the strengthen- 
ing effect on that unit is much like two 
trials of A-B, A-B in associative learning. 
On the other hand, when the group structure 
is altered between repetitions, entirely dif- 
ferent coded response units are being as- 
signed to the successive bins, and the effect 
at each bin is much like the A-B, A-C para- 
digm of negative transfer. 

Either of these views implies the afore- 
mentioned results of a repetition effect for 
RS but not for RC items, Is there a differ- 
ential prediction of the two views? There 
are doubtless many. One which has ap- 
pealed to the authors and which is tested 
below is the following implication of the bin 
theory: If the third (e.g.) group of a string 
is repeated exactly, then according to the bin 
hypothesis this constant third group would 
be associated repeatedly with the third bin 
and thus its recall should improve with prac- 
tice, irrespective of what is happening in the 
preceding and following bins. The con- 
stituent elements and size (but not the num- 
ber) of the preceding and following groups 
may vary widely, but the bin hypothesis im- 
plies that these variations should not affect 
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the normal improvement in recall of the 
constant third group. This implication was 
tested in Exp. VI. 

The reallocation hypothesis leads to a 
more differentiating set of predictions for 
such “constant chunk” experiments. Recall 
that it was assumed that since the string is 
processed sequentially, the central processor 
decides where to shunt the incoming string 
on the basis of recognizing the first informa- 
tive group or two in the string. To be very 
specific, suppose that if the central processor 
recognizes the first group, it shunts the input 
string to that prior storage location which 
caused the recognition; if it fails to recog- 
nize the first group, then the input string is 
shunted to a new storage location. From 
this view of matters, one would predict that 
a constant first chunk (in an otherwise vari- 
able string) would improve in its recall over 
repetitions since the input string is repeat- 
edly shunted to the same storage location, 
there to accumulate trace strength for the 
constant portion of the various strings, i.€., 
for the constant first chunk. On the other 
hand, a constant middle or last chunk would 
not show improvements in recall because a 
variable first group would cause each new 
string to be shunted to a new location, so 
there would be no accumulation of trace 
strength for these constant portions at the 
most recently activated storage location. In 
contrast to these differential predictions, the 
bin hypothesis expects repetition to improve 
recall of any constant portion of the series, 
whether it be a first, middle, or last chunk. 
Experiment VII was undertaken to test these 


differential predictions. 


Method 

Experiment VI.—The procedure was similar to 
that of Exp. II, except that what recurred was 
only the third group of a five-stouP string, rather 


th i i in Exp. II. The recurrent 
Т кош ы Ау { Size 4. Other digits 


d around this constant 
eceded and followed 


third group, di 9 
by two groups comprised of four total digits, either 


(2) (2), (3) (1), or (1) (3). These surrounding 
digits a et their groupings were changed be- 
tween Trials 2, 4, 6, and 8 of each block and 
only the third group was recurrent on these trials. 
On Interspersed Trials 1, 3, 5, 7 of each block, a 
new noise item was read, usually one that did not 
have five groups or a third group of four digits. 


The S listened to a tape recording of the phoneti- 
cally grouped series, then had 10 sec. to write his 
recall in 12 spaces on a recall sheet. He was 
urged to report out digits from first to last. The 
experiment contained 10 blocks of eight trials, the 
blocks separated by 30-sec. rest pauses. A different 
four-digit number was used as the recurrent third 
chunk in each of the 10 blocks. The Ss were 12 
undergraduate students from the same source as 
Exp. I. 

Experiment VII.—This was similar to Exp. VI 
except that the constant chunk was three digits 
long and more conditions were compared. There 
were 12 blocks of eight trials, and on Trials 2, 4, 
6, and 8 of the block some portion of these strings 
was recurrent. In different blocks, the recurrent 
portion in a five-group string was either (a) the 
first group, (b) the fifth group, or (c) the first 
and the third group jointly. In the latter case, 
the second group varied in size (1, 2, or 3) and 
constituency over successive presentations of the 
constant first and third chunks on the even-num- 
bered trials of the block. On the odd-numbered 
trials of each block, a new noise string was pre- 
sented and recalled; these usually had more or 
less than five groups. With 12 experimental blocks 
and three conditions, each S experienced each con- 
dition in four randomly selected blocks, in a 
scrambled order counterbalanced over Ss. Also, 
there was some attempt to counterbalance over Ss 
the condition to which a particular three-digit num- 
ber was assigned as the constant chunk. For 
example, "851" was a constant fifth chunk for 
half of the Ss and a constant first chunk for half 
of the Ss. This required several tapes to be made. 

The Ss were 18 undergraduates taking the sum- 
mer session course in introductory psychology. 
They were urged to record the digits in a first-to- 
last order, although they were not penalized for 
doing otherwise. 


Results 


Experiment VI.—Analyses of mean cor- 
rect recall over the 10 experimental blocks 
revealed no significant performance change 
as the experiment progressed, so the 10 
blocks were pooled for the following analyses. 

The bin hypothesis predicts that S's recall 
of the recurrent third group should improve 
over its four trials. The focal implication 
is with respect to recall of the third group 
as a unit, although the exact location of it 
in S’s serial output may vary somewhat due 
to forgetting or misrecalling the changing 
groups that precede and follow the constant 
third group. With this in mind, a very 
liberal scheme was adopted for scoring re- 
call of the four ordered digits of the third 
group: if the third group as a unit was re- 
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TABLE 2 


PROBABILITY (р) OF CHUNK RECALL AND 
Mean (M) Dicits RECALLED OF THE 
TunEE-DiciT CONSTANT CHUNKS 


Trials pve 
Condition | АН” 
1 2 3 4 
irs | 47 | 54] .56 5.35* 
sim Ar | 1185 | 197 | 202 | 222 | 331 
i | 46 | .53 | .63 | .61 | 5.10* 
ge hr 1.76 | 2.11 | 2.30 | 2.25 | 9.29* 
Middle| р 4i | 44| .15| .10 | ns 


.51 51 44 51 | ns 
Lans Ar 2.29 | 2.32 | 2.08 | 2.22 | ns 


жр «.05, df = 1, 51. 


called with the first digit starting at any 
location from 3 through 7 (true position was 
5), it was counted as a correct recall of the 
unit. With this lenient location scoring, the 
average probability of completely recalling 
the recurrent unit was .146 on Trial 2, .125 
on Trial 4, .166 on Trial 6, and .156 on 
Trial 8. Based on 12 x 10 observations 
each, the standard deviations of these pro- 
portions (assuming independent binomial ob- 
servations) range around .033, so even the 
most extreme two proportions do not differ 
significantly from each other, With this 
scoring in terms of complete recall of the 
entire unit, there was no evidence of repeti- 
tion affecting recall of the constant third 
group. 

A second analysis inquired how many 
items were recalled of the four in the re- 
current chunk, Using a lenient scoring pro- 
cedure too complicated to describe briefly, 
the net result is still the same as above: 
mean items correctly recalled of the four in 
the recurrent chunk were 1.77 on Trial 2, 
1.67 on Trial 4, 1.72 on Trial 6, and 1.79 
on Trial 8. Clearly, even with this more 
sensitive measure, there was no evidence for 
an improvement in recall over repetitions of 
the constant third chunk. Despite the statis- 
tical power available in this experiment, it 
failed to yield a repetition effect for the con- 
stant third chunk. This failure disconfirms 
the bin hypothesis since it predicted a strong 
effect here, while in fact none was found. 
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Experiment VII—The main results of 
Exp. VII are displayed in Table 2 showing 
probability of complete recall of the con- 
stant chunk and the mean digits recalled in 
the constant chunk. There is no apparent 
improvement in recall of the constant last 
chunk nor in recall of the constant middle 
chunk. The linear F test for trials in both 
these cases is insignificant for both the prob- 
ability measure and the amount recalled 
measure. On the other hand, there is a small 
but consistent improvement in recall of the 
constant first chunk in terms of the prob- 
ability and amount recalled measures. The 
F test for linear trend is significant in three 
of the first four rows of Table 2, and in the 
fourth case the trend is clearly in the right 
direction. 


Although recall of the constant first chunk 
improved significantly over its repetitions, 
there was very little change in recall of the 
variable nine digits which followed occur- 
rences of the constant first chunk, Mean 
Correct recalls of these variable last nine 
digits over the four occurrences of the con- 
stant first chunk were 4.69, 5.11, 4.54, and 


5.06. These means do not differ reliably 
from one another, 


Summary 


In summary, these two “constant chunk” ex- 
periments tend to infirm a bin hypothesis which 
supposes that successive groups of the input 
string are assigned to successive storage bins 
from which the series is read out. That hy- 
pothesis predicts improvement in recall of à 
fixed group repeatedly reassigned to the same 
bin independently of whether this group was 
located at the beginning, middle, or end of the 
Series. The results provide mild support for 
the allocation hypothesis since it predicted 
learning for a constant first chunk but not for 
a constant middle or last chunk, and this was 
found. After this experiment was completed, 
it was learned that Schwartz and Bryden 
(1966) had performed an experiment with an 
even more radical manipulation but tending to 
а similar conclusion, Using the Hebb-type 
design with digit names read to Ss without 
groupings, these investigators found no im- 
provement in recall when the last seven of nine 
digits were recurrent, but with the first two 
digits changed at each recurrence of the last 
seven. These and the present results suggest 
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that the first few digits or first functional group 
is acting as an “address” in memory for the 
digit string; and when a recurrent portion fol- 
lows a new address in the input, that string is 
shunted to a different storage location, so one 
gets no accumulative benefits in recall for the 
recurrent portion of the string. 

It was said that the allocation hypothesis is 
“mildly” supported by these data because there 
are a few interpretive difficulties. First, since 
S was urged to write his recall from first to 
last, there is differential output interference 
operating on the constant first vs. later chunks. 
Conceivably, S might improve his recall of a 
last constant chunk if he were permitted to write 
his recall in any order, ie, if he wrote first 
those portions he might recognize as recurrent. 
Second, in this interpretation of the allocation 
hypothesis, the constant middle chunk was 
expected to improve when it was preceded by 
a constant first chunk. That is, if the constant 
first chunk causes the input string to be re- 
allocated to the same storage location, then it 
was thought that the constant third chunk of 
the string could accumulate trace strength in 
that location. But Lines 5 and 6 of Table 2 
show no improvement in recall of the constant 
third chunk in this case. This null learning 
here could arise for several reasons. One 
possibility relates it to the variable size (1, 2, 
or 3) of the second group inserted between 
repetitions of the constant first and third 
chunks, and this is checked out in Exp. VIII. 

The pattern of our constant chunk results 
needs to be explored with other presentation 
procedures, lags between recurrence, recall 
strategies, and especially with different types 
of materials. Intuitively, it appears unlikely 
that serial recall of lists of unrelated words or 
Sentences would be as disrupted as are digit 
Strings by altering the first few elements of 
the string. If this intuition proves correct, it 
Would imply that the outcome pattern obtained 

ere will be restricted to only those cases in 

Which serial lists are constructed by recombin- 
"lg and permuting elements from a very small 
Vocabulary (e.g. nine digits). 


Expertment VIII 


This final experiment inquires W 
bey chunk will improve in recall w 
бе ana third chunk are constant a” 
Ex Second chunk is of constant size. 5 
Tecal VII there was no improvement M 

all of the constant third group (cf. Table 
When the second group varied in size 


hether the 
hen the 
d when 
In 
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(1, 2, or 3 digits). But this might result 
from the exact manner in which the input 
string is “overlaid” on the trace of the 
former string. If the input string (762) 
(318) (952) (361) is directly overlaid, ele- 
ment by element from the beginning, on the 
trace of (762) (1) (952) (85) (263), one 
would find coincidence of the first three 
digits (the first constant chunk), but mis- 
matching for all the remaining digits. Al- 
though 952 is the third group in both strings, 
the variable size of the second group causes 
mismatching of the 952 elements when the 
two strings are overlaid. If this kind of 
exact “overlay” process is partly responsible 
for the accumulation of trace strength for 
particular digits, then one would expect the 
constant third chunk (following a constant 
first chunk) to be learned only when the 
second (variable) chunk is of a fixed size. 
This single condition was studied in Exp. 
VIII. 


Method 


The procedure was similar to Exp. VI, with 
eight blocks of trials in each of which the item 
recurring on Trials 2, 4, 6, and 8 had a constant 
first chunk (Size 3) and a constant third chunk 
(Size 3). The second group was always of Size 2, 
but the digits in it varied over the four occurrences 
of the other constant portions. The four digits 
following the constant third group varied in con- 
stituency and groupings over the four trials. On 
Trials 1, 3, 5, and 7, new noise items occurred, 
with the group size pattern 323. . avoided. 
Grouping was by reading the sequence of numerical 
names. Strings were presented by a tape recorder. 
There were 10 Ss from the same source as Exp. I, 
instructed to write their recall from first to last 


digits. 
Results 


The results are shown in Table 3 giving 
probability of unit recall and mean digits 
recalled (out of three) of the constant first 
and constant third chunks. The F test for 
trials is significant at р < Ol for both 
measures for both first and third recurrent 


chunks in the string. 

The learning demonstrated here for the 
constant third chunk (following a constant 
first chunk), along with the failure in Exp. 
VII with a variable-sized second group. 
lends some credence to the “element-by- 
element overlay” hypothesis stated above. 
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TABLE 3 


PROBABILITY (ё) OF UniT RECALL AND 
Mean (M) Dicits RECALLED FOR 
THE FIRST AND THIRD 
CONSTANT CHUNKS 


= 
Trials А 
E 3 (3, 27) 
1 2 3 4 

us .50 .70 .70 45 6.35* 
M 1.95 2.37 2.50 2:57 8.65* 
hird 

T »i 07 .20 25 .28 7.28* 
M 64 1.14 1.25 1.30 5.39* 
жр <.01. 


There are several differences between the 
procedures in Exp. VII vs. VIII that might 
be relevant; in particular, three different 
types of recurrent items occurred in Exp. 
VII, whereas only this one type of recurrent 
item occurred in all eight blocks of Exp. 
VIII. The learning effect on the third 
chunk, indexed by the change from its first 
to the last occurrence in each block, was 
examined for the eight successive blocks 
over the experiment. There appeared to be 
no particular trend over blocks to these 
learning scores. That is, it did not appear 
that Ss were coming increasingly to notice 
and learn the constant third group as the 
experiment progressed. However, such com- 
parisons may be complicated by various non- 
specific factors that vary over the course of 
the experiment—practice effects, cumulative 
proactive interference, etc. The conservative 
conclusion is that the learning of a constant 
third chunk, following a constant first chunk 
and a fixed-sized second chunk, is consistent 
with the allocation hypothesis, with the ele- 
ment-by-element overlay as the mechanism 
for accumulation of trace strength. 


Discussion 


To quickly summarize the results, it has 
been found that alteration of the group struc- 
ture of a digit series severely degrades recog- 
nition of underlying identity, and it prevents 
the improvement in recall that normally accom- 
panies repetition. This was true whether digit 
group coding was directly phonemic or whether 
it was produced merely by the location of pauses 
in the input series. Although recognition of 


an altered grouping is impaired, recognition of 
an uncoded series was about the same whether 
S experienced the same grouping twice or two 
logically equivalent groupings once each. When 
only a portion of the digit string constantly 
recurs, its recall improves with repetition if 
it is located at the beginning of the string, but 
not when it is located at the middle or end of 
an otherwise variable string. 

These results have been discussed in terms of 
the hypotheses that grouping influences percep- 
tual coding, that similarity of coding determines 
recognition of identity, and that recognition of 
repetition is normally a concomitant of a prac- 
tice effect in recall performance. These various 
assumptions are summarized in the reallocation 
hypothesis, which also led to the further experi- 
ments on uncoded recognition and the location 
of a constant chunk in an otherwise variable 
string. 

One may ask whether alternative hypotheses 
of serial learning could account for these re- 
sults. The simple bin hypothesis appears {0 
be eliminated by the differential results in the 
constant chunk experiment. Another alterna- 
tive is that of simple serial chaining, which 
supposes that serial recall is mediated by for- 
ward associations between adjacent pairs 0 
elements. The chaining hypothesis has tw 
representations depending on whether the basie 
elements associated in pairs are assumed to be 
individual digits or phoneme clusters corre 
sponding to numerical names of digit groups: 
The former identification is discredited by the 
null learning for RC items in Exp. I and 
since the same pairwise digit adjacencies 16; 
curred in the RC items. Even if it be grante 
that the pairwise association grows less whe? 
the pair spans group boundaries, repetition i" 
RC items should nevertheless produce automatic 
increases in pairwise associations and seri? 
recall. But this did not happen. The alterna- 
tive identification of the basic elements 2? 
Phoneme clusters converts the chaining У" 
pothesis to a more viable theory for these data 
despite the fact that it denies the convention? 
Operational identification between what S 8 
learning and what he is writing down in his 
observable recall. 

As stated earlier, the phoneme chaining ВУ: 
pothesis is very similar to the reallocation bYZ 
pothesis and they both imply the RS vs. RC 
results of Exp. І, II, IV, and V. Howeve! 
the results of Exp. III, VI, and VII raise # 
few problems for a simple phoneme chainin 
theory. In Exp. III, the input phonemes © 
RC strings were identical except for the 100%” 


— a 
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tion of pauses; the phoneme chaining hypothe- 
sis can handle the results of Exp. III only by 
assuming implicit recoding and rehearsal of the 
names of numerical groups suggested by the 
location of pauses. In Exp. VI and VII, and 
in the more drastic condition studied by 
Schwartz and Bryden (1966), the constant 
chunk or chunks should be reflected in a con- 
stant phoneme portion of a variable string 
within which the pairwise (phonemic) associa- 
tions become stronger with repetition. If recall 
of the constant chunk is in some degree related 
to the strength of its pairwise interassociations 
(as well as the association leading into the 
constant chunk), then recall of it should have 
improved somewhat even when it was located 
in the middle and end portions in the variable 
string. But repetition effects on recall were 
found only for a constant first chunk. 

The authors do not consider these to be 
major objections to the phoneme chaining hy- 
pothesis, especially since the generality of the 
pattern of results in the constant chunk experi- 
ments is not yet established. Thus, the phoneme 
chaining hypothesis should remain as a viable 
alternative to the metaphorical reallocation hy- 
pothesis until more discriminating evidence be- 
comes available. 


REFERENCES 


Арлм», J. А. Human memory. 
Graw-Hill, 1967. " 

Bernpacu, Н. Stimulus learning and recognition 
in paired-associate learning. Journal of Experi- 
mental Psychology, 1967, 75, 513-519. 

Conran, В. Order error in immediate recall of 
sequences. Journal of Verbal Learning and 
Verbal Behavior, 1965, 4, 161-169. — . 

Fopor, Ј., & BEVER, T. The psychological reality 
of linguistic segments. Journal of Verbal Learn- 
ing and Verbal Behavior, 1965, 4, 414-420. 

Garrett, M. Syntactic structures and judgments 
of auditory events. Unpublished doctoral disser- 
tation, University of Illinois, 1965. -- 
Emm, D. О. Distinctive features of learning in 
the higher animal. In J. F- Delafresnoye (са) " 
Brain mechanisms and learning. Oxford: Black- 


well, 1961. 


New York: Mc- 


Јонхѕох, N. The psychological reality of phrase- 
structure rules. Journal of Verbal Learning and 
Verbal Behavior, 1965, 4, 469-475. 

KixrscH, W. Recognition learning as a function 
of the length of the retention interval and 
changes in the retention interval. Journal of 
Mathematical Psychology, 1966, 3, 412-433. 

Кіхтѕсн, W., & Morris, C. Application of a 
Markov model to free recall and recognition. 
Journal of Experimental Psychology, 1965, 69, 
200-206. 

Martin, E. Stimulus recognition in aural paired- 
associate learning. Journal of Verbal Learning 
and Verbal Behavior, 1967, 6, 272-276. 

McLean, R, & Grecc, L. Effects of induced 
chunking on temporal aspects of serial recitation. 
Journal of Experimental Psychology, 1967, 74, 
455-459. 

MELTON, A. W. Implications of short-term mem- 
ory for a general theory of memory. Journal 
of Verbal Learning and Verbal Behavior, 1963, 
2, 1-21. 

MILLER, G., & CHOMSKY, N. Finitary models of 
language users. In R. Luce, R. Bush, & E. 
Galanter (Eds.), Handbook of mathematical 
psychology. Vol. 2. New York: Wiley, 1963. 

Moses, L, & Oaxrorp, R. Tables of random 
permutations. Stanford: Stanford University 
Press, 1963. 

MUELLER, G. E., & SCHUMANN, F. Experimentelle 
Beiträge zur Untersuchung des Gedächtnisses. 
Zeitschrift für Psychologie und Physiologie der 
Sinnesorgane, 1894, 6, 81-190, 257-339. 

Nersser, U. Cognitive psychology. New 
Appleton-Century-Crofts, 1967. 

Scuwartz, M., & Brypen, M. Retrieval and the 
effects of changing elements of a repeating se- 
quence. Paper presented at the meetings of the 
Canadian Psychological Association, June 1966. 

SHEPARD, R., & TEGHTSOONIAN, M. Retention of 
information under conditions approaching a 
steady state. Journal of Experimental Psychol- 
oyy, 1961, 62, 302-309. 

WIcKELGREN, W., & NORMAN, D. Strength models 
and serial position in short-term recognition mem- 
ory. Journal of Mathematical Psychology, 1966, 
3, 316-347. 

Yxwcvge, V. A model and a hypothesis for language 
structure. Proceedings of the American Philo- 
sophical Society, 1960, 104, 444-466. 


(Received December 9, 1968) 


York: 


| 
i} 
| 


| 


Journal of 


Experimental Psychology 


Vor. 80, No. 3, Part 1 


HOMOPHONES AND SYNONYMS IN SHORT-TERM MEMORY: 


WALTER KINTSCH? ann HERMAN BUSCHKE 


Stanford University 


Differential effects of acoustic and semantic similarity on primary and sec- 
ondary memory are shown by analysis of short-term retention for sequences 
of 16.words containing either homophone pairs, synonym pairs, or un- 
related words. After presentation of each sequence, one of the words in the 
sequence was given as a probe for S to respond with the word that followed 
the probe in the sequence. Recall of early words in the lists was used to 
estimate the secondary memory component of short-term retention. Sec- 
ondary memory was strongly decreased by semantic similarity. Recall of 
the most recent words in the lists provided a basis for estimation of primary 
memory. Primary memory was unaffected by semantic similarity, but was 
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decreased significantly by acoustic similarity. 


One argument in favor of a distinction 
between primary and secondary memory has 
been that they differ in the way material is 
encoded. According to this view, primary 
memory depends upon a purely acoustic code, 
while such factors as meaningfulness, re- 
dundancy, and acoustic similarity are im- 
portant for long-term retention. Thus, 
acoustic but not semantic factors should af- 
fect primary memory. Previous attempts to 
test this hypothesis experimentally have 
yielded ambiguous results. Conrad, Free- 
man, and Hull (1965) studied the retention 
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of six-letter sequences that varied both in 
statistical predictability and acoustical con- 
fusability. They found a large effect of con- 
fusability and a very small effect of predict- 
ability (one-fifteenth of the acoustic factor). 
Baddeley and Dale (1966) and Baddeley 
(1966) reported experiments exploring the 
effects of semantic similarity upon short- 
term retention. In the first study, no effect 
was observed; in the second, a small effect 
of semantic similarity was found. However, 
in a short-term memory experiment by Dale 
and Gregory (1966), using a retroactive in- 
terference design, more intrusions were ob- 
served when the interpolated material and 
learning material were semantically similar. 

These results may mean that semantic 
similarity does affect primary memory, but 
to a lesser degree than acoustic confusability. 
On the other hand, one could argue that 
performance in these experiments does not 
depend upon primary memory alone, but is 
jointly determined by both primary and sec- 
ondary memory. This possibility is clearly 
implied by such theories as that of Waugh 
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and Norman (1965). Waugh and Norman 
assumed that total recall can be regarded as 
the sum of two components, primary and 
secondary memory. Furthermore, they sug- 
gested a method in which the two compo- 
nents can be separated analytically. This 
method may be used to reformulate the prob- 
lems discussed previously, so that the con- 
founding between primary and secondary 
memory, present in any set of retention data, 
can be avoided. The hypothesis to be tested 
here is that acoustic similarity affects the 
primary component of retention, but seman- 
tic similarity does not. On the other hand, 
the secondary component of retention is 
surely dependent upon semantic factors, 
while acoustic factors may or may not play 
a role. 

In both experiments reported here, the 
probe procedure of Waugh and Norman 
(1965) was used. A list of 16 words was 
presented to S, and after a warning signal, 1 
word of the list was repeated. The S's task 
was to respond with that word in the list 
that immediately followed the probe. In 
Exp. I, the experimental lists were made 
from synonym pairs; in Exp. II, lists con- 
structed from homophone pairs were used. 


EXPERIMENT І 
Method 


Subjects—The Ss in this experiment were 30 
students from the University of California at 
Riverside. They were paid for their participation 
in the experiment. 

Lists.—Twenty lists of 16 unrelated words were 
constructed. Words were drawn írom the Thorn- 
dike-Lorge (1944) count in a semirandom way, 
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such that the sums of the Thorndike-Lorge fre- 
quencies of the words in each list differed by less 
than 10%. Twenty synonym lists were constructed 
from 160 synonym pairs obtained from a synonym 
dictionary. The sums of the Thorndike-Lorge fre- 
quencies of the words in the synonym lists were 
comparable to those of the unrelated lists. Each 
synonym list was made up of eight pairs arranged 
in random order with the restriction that the mem- 
bers of a pair never succeeded each other in the list. 

A probe word was chosen for each list so that 
items in Positions 3, 7, 11, 13, and 15 were tested 
four times each for unrelated lists and equally 
often for synonym lists. 

Procedure.—Lists were tape-recorded at a rate 
of 2 sec. per word. Before the presentation of 
each list, a bell signaled 5 to be alert. The S was 
instructed to fix his attention on every word as 
it was presented and not to rehearse old words. At 
the end of a list a bell sounded again, followed by 
the probe word. The S then attempted to respond 
with that word in the list that followed the probe 
word. The S was encouraged to guess and was 
given as much time as he needed to respond. Two 
unanalyzed practice lists preceded the 40 experi- 
mental lists. Synonym and unrelated lists were 
presented in random order, with 20 sec. between 
S's response and the start of the next list. Three 
2-min. rest periods were allowed. 


Results 


The proportions of correct responses for 
each position tested are shown in Fig. l. 
The data from Positions 3 and 7 have been 
pooled to obtain a more stable estimate of 
the asymptote of the retention curve. (Over- 
all percentage correct was 15 at Position 3 
and 14 at Position 7.) Connecting lines 
have been drawn on the assumption that the 
overall pattern of results would be similar 
to that of Waugh and Norman (1965). The 
total number of correct responses per 5 was 
significantly higher for unrelated words than 
for synonyms, p < .01. (Significance state- 
ments refer to the Wilcoxon matched-pair$ 
test unless otherwise noted.) 

Estimates of the secondary components of 
short-term retention for synonyms and for 
unrelated words are provided by comparison 
of the total number of correct responses in 
Serial Positions 3 and 7. As Fig. 1 shows; 
retention for unrelated words is almost twice 
that for synonyms, p < 01. 

Although the total number of correct Tê; 
sponses in Serial Positions 11, 13, and 1? 
also is greater for unrelated words than fot 
synonyms, р < 05, this may be due to the 
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difference in secondary memory rather than 
in primary memory since both contribute to 
performance in these positions. Waugh and 
Norman (1965) have suggested that the 
probability of retention of an item in Posi- 
tion i, P(R;), is 


P(R) = P(p) + P(s) — P(p)R(s), [1] 


where P(p;) is the probability that Item 7 
is retained in primary memory and P(s) is 
the probability that it is retained in secon- 
dary memory. By assumption, P(s) is in- 
dependent of the serial position of an item. 
P(p;) is highest for the last item of a list 
and decreases monotonically as a function 
of the distance from the end of the list, reach- 
ing zero with about 7-10 intervening items. 
If the mean probability of recall of items in 
Positons 3 and 7 is regarded as an estimate 
of P(s), then Equation 1 can be used to 
calculate primary memory estimates for items 
in Positions 11, 13, and 15. These estimates 
are shown in Fig. 2. They do not appear to 
he different for unrelated words and syno- 
nyms. Evaluation of the primary memory 
estimates for each S (total of Positions 11, 
13, and 15) confirms this impression, р > 
.10. 

The performance decrement in the syno- 
nym list arises in part because Ss confuse 
synonyms in memory. If this were the 
only reason for poorer retention of syno- 
nyms, however, the difference between un- 
related words and synonyms should dis- 
appear when one counts as correct the wrong 
member of a synonym pair given as response. 
When the data are reanalyzed in this way, 
the difference between the two conditions is 
no longer statistically significant, / > .10. 
However, there are only enough overt syno- 
nym confusions in the data to account for 
about half of the superiority of unrelated 
words Over synonyms. 

Experiment I indicates that semantic simi- 
larity interferes with the secondary com- 
ponent of memory, but that it has no effect 
on primary memory, The significance of 
the observation that the poorer retention of 
synonyms is only partly due to confusions 
between synonyms is discussed in connection 
With a similar finding in Exp. IT. 
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Fic. 2. Estimates of primary and secondary 
memory components Р(р:) and P(s) for the data 
shown in Fig. 1. 


EXPERIMENT II 


In Exp. II, homophone pairs were used 
instead of synonyms. In other respects, 
Exp. II replicates all essential features of 
Exp. Т. 


Method 


Subjects.—The Ss were 24 Stanford University 
undergraduates, who were paid to participate in 
the experiment. 

Lists.—Twenty lists of 16 unrelated words and 
20 lists of homophone pairs were constructed. Be- 
cause of the preponderance of one-syllable words 
among homophones, lists were constructed so that 
they did not contain more than two polysyllabic 
words. The total number of polysyllabic words 
was the same for unrelated lists and homophones. 
Rhymes, synonyms, and closely associated words 
were not used. The sums of the Thorndike-Lorge 
(1944) frequency ratings of the words in each list 
were constrained as in Exp. I. 

The order of the words in each list was random, 
except that homophones were never allowed to 
succeed each other. In each condition, words in 
Positions 4 and 6 were tested once; 3, 5, and 7 
were tested twice; and 1l, 13, and 15 were tested 
four times. An additional restriction in the con- 
struction of the list required that the homophone 
of the test word be separated from the test word 
by three or four other words half of the time and 
by seven or eight words the other half of the time. 
An attempt was made to present the homophone 
earlier than the test word in the list as frequently 
as later. New randomizations and test words were 
prepared for every eight Ss. 

Procedure.—Lists of unrelated words and homo- 
phone pairs were presented in random order on a 
memory drum at a 2-sec. rate. Probe words were 
underlined, and Ss were asked to write on their 
answer sheets the word in the list immediately fol- 
lowing the underlined word. The Ss were asked 
to concentrate on each word as it was presented. 
Response times were unrestricted. Twenty seconds 
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Fic. 3. Probability of recall of homophones and 
unrelated words as a function of serial position. 


after a response the next list was started, except 
for two rest periods. Two unanalyzed practice 
lists were given first. 


Results 


Figure 3 shows the probability of recall 
for both homophones and unrelated words 
as a function of the serial position of the test 
word. Positions 3-7 have been pooled to 
provide a more stable estimate of the asymp- 
tote of retention. (Overall percentages cor- 
rect at Positions 3-7 were 12, 19, 21, 25, 
and 16, respectively.) An analysis of vari- 
ance showed that the position effect, the con- 
dition effect, and, most importantly, the 
Position X Condition interaction were highly 
significant statistically. The differences be- 
tween the subgroups of eight Ss who re- 
ceived different randomizations of the lists 
were not statistically significant. 

In order to make the analysis directly 
comparable to that used in Exp. I, further 
statistical analysis of the Condition x Posi- 
tion interaction was made. The secondary 
components of retention (Positions 3-7) 
were not significantly different for homo- 
phones and unrelated words, р> 10. On 
the other hand, unrelated words were much 
better recalled than homophones in Positions 
11, 13, and 15, p < .01. As in Exp. I, esti- 
mates for primary and secondary memory 
were obtained and are shown in Fig. 4. The 
primary memory estimates were significantly 
larger for unrelated words than for homo- 
phones, р < .01. This difference is due only 
in part to confusions between homophones 
in memory. If a count is made of the num- 
ber of times the homophone of the correct 
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word is given as a response, approximately 
half of the superiority of short-term memory 
for unrelated words over homophones can 
be accounted for. This observation still 
holds if responses to the homophone of the 
probe word are counted as correct. Thus 
Exp. II supports the hypothesis that acoustic 
similarity is an important factor in primary 
memory. 


DiscussioN 


In the present experiments, words were re- 
called from secondary memory with a prob- 
ability of slightly less than .2. Semantic simi- 
larity depressed this value to .1. The superior 
recall of words from the end of the list was 
attributed to primary memory, according to the 
model of Waugh and Norman (1965). The 
primary memory component of recall was inde- 
pendent of semantic factors, but was strongly 
depressed by acoustic similarity. It appears 
that only acoustic information is stored in pri- 
mary memory, even if stimuli are presented 
visually, as in Exp. II. 

Unrelated words may be recalled better than 
homophones because when a homophone is en- 
coded in an auditory memory, it may be con- 
fused with the other member of the homophone 
pair. If this were the case, the primary mem- 
ory component for homophone lists should be 
about half of that for unrelated words. 
similar argument can be made for the recall of 
synonyms from secondary memory, Inspection 
of Fig. 2 and 4 shows that the data are not 
completely out of line with this hypothesis, al- 
though a strict test is not possible given the 
irregularity of the data in Fig, 4. There аге 
not enough intrusions, however, to account for 
more than half of the deficit in the synonym ап! 
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homophone conditions. Furthermore, Ss’ re- 
ports do not agree with the idea that words in 
the homophone condition were stored in mem- 
ory just as unrelated words would have been 
and were confused at the time of recall. In- 
stead, Ss reported that they tried different 
learning strategies when they noticed that a 
list was made of homophone pairs. Instead of 
relying on primary memory as usual, they "tried 
to get away from the sound of the words." The 
Ss found this difficult and complained that the 
homophone lists were presented at a faster 
rate than the other lists and were "frustrating." 
Together with the intrusion data, such reports 
suggest that Ss did not store homophones sim- 
ply in an acoustic store that they knew would 
be useless to them later anyway. Apparently 
Ss were trying to remember nonacoustic in- 
formation about homophone pairs, but their 
capacity to do so was severely limited, The 
performance decrement in the homophone lists 
is therefore caused by two factors: First, homo- 
phones were confused when stored in primary 
memory; second, Ss did not rely on auditory 
information as much as they normally would 
and were unable to find an equivalent substitute. 
A corresponding argument can be made for 
the synonym lists. 

On the basis of the present results, one may 
speculate that information may enter secondary 
memory without passing through primary mem- 
ory. Primary memory apparently retains only 
acoustic information, while semantic as well as 
sensory and phonetic features are important 
for secondary memory. Therefore, information 
must be able to enter secondary memory di- 
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rectly. Primary memory appears to be a tem- 
porary acoustic store with a limited capacity. 
If Ss have to remember homophones, they either 
do not use this means of storage at all or if 
they do, they may confuse homophone pairs. 
In the case of synonyms, interference may occur 
because synonyms share all or most semantic 
and sensory features and differ only phoneti- 
cally. Therefore, it is more difficult to store 
information in secondary memory, which suf- 
fices to discriminate among synonyms, or if 
insufficient information is stored, confusions 
may occur. 
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The incrementing process in a keeping-track task was manipulated by re- 


quiring Ss to either add or subtract new 
tallies of past events. As the percentage of 


information from their running 
subtractions per trial increased, 


so did the error rate except that 100% subtractions resulted in approximately 


the same level of error as 100% additions. 


It was hypothesized that sub- 


traction is inherently more difficult than addition, but subtractions are not 
perceived as such unless S is confronted with additions on the same trial. 


In a number of previous studies, Ss were 
required to tally mentally the number of oc- 
currences of each of several different stimuli 
presented visually in sequences of varying 
length and to report their running mental 
tallies at the end of each sequence. In keep- 
ing-track tasks of this nature it has been 
found that memory processes, especially en- 
coding and rehearsal strategies, are a major 
determinent of performance (Monty, 1968; 
Monty, Fisher, & Karsh, 1967 ; Taub, Monty, 
& Laughery, 1967). 

The purpose of the present experiment was 
to examine yet another aspect of keeping- 
track performance, viz., the incrementing 
process. In contrast to previous experiments, 
the incrementing process was manipulated by 
requiring Ss to subtract as well as add in- 
formation to their running mental tallies. 


EXPERIMENT I 
Method 


Subjects—The Ss, each of whom was paid $6.00 
for participating in the experiment, were 68 stu- 
dents recruited from Harford Junior College. 

Apparatus—The apparatus has been described 
more fully elsewhere (Monty, Taub, & Laughery, 
1965). Briefly, S was seated in front of a panel, 
the face of which was positioned approximately 2 
ft. from his eyes at a 60° angle below his horizontal 
line of sight. An Industrial Electronic Engineers, 
Inc., in-line readout display unit was mounted in 
the panel. The display unit contained 12 lenses, 
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each etched with one of the stimuli, By turning 
on and off pairs of lights behind each of the lenses, 
the stimuli, seen as an outline of light against 
either а red or green background, were projected 
one at a time onto approximately the same loca- 
tion of a 13 X 18 in. frosted glass surface. All se- 
quences of stimuli and the stimulus durations were 
preprogrammed and controlled by Massey-Dickin- 
son Co. programming modules located in an adjoin- 
ing room. 

Procedure —The Ss’ task was to observe and 
mentally tally the number of occurrences of each 
of four different stimuli or categories (the letters 
Q, R, S, and T) presented sequentially and to record 
their tallies in writing at the end of each sequence. 
Each stimulus was presented on either a red or 
green background. The Ss were instructed to 
subtract from their running tallies when a letter 
was displayed on a red background and to add to 
their tallies when a letter was displayed on a green 
background. 

The Ss were randomly assigned to two groups 
of 34 each which differed in terms of the ratio of 
stimulus "on" time to interstimulus "off" time. 
For one group, each stimulus was presented with 
an on time of .1 sec. and an interstimulus off time 
of 19 sec. For the other, the on time was 1.9 sec., 
while the off time was Л sec. Thus for both groups 
the rate of presentation was one stimulus every 
2 sec. 

Trial length, defined as the total number of 
stimuli presented in a Sequence irrespective of the 
Category to which they belonged or of their color, 
was included as а within-Ss variable. All Ss were 
presented with trial lengths of 12, 16, 20, and 24 
stimuli. The number of subtractions per trial was 
-Ss variable. Within each 
‚ 4, 8, and 12 subtractions 
tions of trial length and 
5. A total of 48 trials were presented. 
Each combination of a trial length and the number 
of subtractions in that trial was presented once in 
random order in the first 16 trials and once more 
in random order in each of the remaining two blocks 
of 16 trials. The sequences of stimuli and the posi- 
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tion of subtractions vs. additions were chosen at 
random for each of the 48 trials with the restriction 
that each stimulus appear at least once in each trial. 

Two practice trials were given to insure that 
S understood the task. These trials were followed 
by the 48 experimental trials each with a 15-sec. 
intertrial interval for recording answers. A 2,500- 
Hz. tone signaled the beginning and end of each 
trial. 


Results 


Absolute error, defined as the sum of the 
absolute differences between the final tally of 
the number presented in each category and 
the number reported, was used as the mea- 
sure of performance. For example, if on a 
given trial there were two red Qs, two green 
Os, four red ms, one green к, three red ss, 
zero green ss, one red т, and three green Ts, 
then the correct tally would have been zero 
Qs, minus three ns, minus three ss, and plus 
two Ts. If S responded with plus one 0, minus 
one n, minus four ss, and plus one T, then the 
number of errors for that trial would have 
been one for the Q category, two for the R 
category, one for the s category, and one for 
the т category for a total of five. 

The total errors per trial for each Trial 
Length x Subtractions combination were 
summed for the last two blocks of trials (the 
first block of trials was regarded as practice 
trials) and subjected to an analysis of vari- 
ance with trial length and subtractions as 
within-Ss variables and on-off ratio as a 
between-S variable (Butler, Kamlet, & 
Monty, 1969). 

The data underlying the significant main 
effects indicated that, in general, perform- 
ance varied inversely with trial length, 
F (3,198) = 89.57, p < .001. With respect 
to subtractions, F (3, 198) = 33.44, p< 
O01, performance deteriorated as the number 
of subtractions per trial increased from 0 to 
+ ia 8 and then improved slightly with 12 
subtractions Per trial, On-off ratio failed to 
reach Statistical significance. The data un- 
derlying the significant Trial Length X Sub- 
tractions interaction, F (9, 595) — 715. P< 
.001, are shown in Fig. 1. It can be seen 
that the effect of number of subtractions was 
highly dependent on the length of the trial. 


When the data were replotted as a function 
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Fic. 1. Mean errors per trial as a function of 
trial length and number of subtractions. 


of percentage of subtractions per trial, it ap- 
peared that this might be the more appropri- 
ate way to examine the relationship. A sec- 
ond experiment was conducted to examine 
this hypothesis. 


EXPERIMENT II 


Method 


Subjects.—The Ss, each of whom was paid $6.00 
for participating in the experiment, were 32 stu- 
dents recruited from Harford Junior College. 

Apparatus and procedure—The apparatus and 
general procedures were identical to those of Exp. 
I, except that all Ss were presented with trial 
lengths of 16, 20, and 24 stimuli. Within each 
trial length there were 0%, 25%, 50%, 75%, and 
100% subtractions for a total of 15 combinations of 
trial length and subtractions. Each combination of 
a trial length and the percentage of subtractions in 
that trial was presented once in random order in 
the first 15 trials and once more in random order 
in each of the remaining two blocks of 15 trials. 
Each stimulus was presented with an on time of 
1 sec. and an interstimulus off time of 1.9 sec. 


Results 


As in the first experiment, the total errors 
per trial for each Trial Length X Subtrac- 
tions combination were summed for the last 
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Fic. 2. Mean errors per trial as a function of 
trial length and percentage of subtractions. 


100 


two blocks of trials and subjected to an 
analysis of variance (Butler, Kamlet, & 
Monty, 1969). 

The data underlying the significant main 
effects indicated that, in general, perform- 
ance varied inversely with trial length, F (2, 
62) = 27.00, р < .001. With respect to sub- 
tractions, F (4, 124) = 15.03, р < .001, it 
can be seen in Fig. 2 that performance gen- 
erally deteriorated as subtractions approached 
75% and then improved at 100%. The 
Trial Length x  Subtractions interaction 
failed to reach significance, F (8, 248) « 1. 


Discussion 


In general, keeping-track performance in the 
present experiments in which the task required 
subtractions and additions to the running tallies 
resembled that of earlier experiments in which 
only additions were required. That is, orderly 
relationships as a function of trial length were 
noted in all cases, and in this, as previous ex- 
periments, the majority of Ss indicated that 
they performed the task by mentally picturing 
a set of windows, one corresponding to each of 
the different letters presented. Individual run- 
ning tallies were then kept in each window, and 
only the tallies were rehearsed after each presen- 


tation of a new letter. 
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On the other hand, in contrast with previous 
experiments, differences in the on-off ratio 
failed to bring about significant differences in 
performance. Taub сї al. (1967) found that 
when Ss were required to perform additions 
only, an on time of .1 sec. with an off time of 
1.9 sec. led to somewhat better performance 
than an on time of 1.9 sec. and an off time of 
-l sec. This suggests that manipulations in the 
difficulty of the incrementing process effect 
some sort of change in the temporal character- 
istics of encoding or rehearsal. 

Comparison of Fig. 1 and 2 indicates that the 
relationship between subtractions and trial 
length can most meaningfully be expressed in 
terms of a percentage. When viewed in this 
manner, it can be seen that performance gradu- 
ally deteriorated as the number of subtractions 
per trial increased to a peak at some point 
between 5095 and 100% subtractions and then 
improved again when 100% of the tallies were 
subtractions. Further experiments are required 
to pinpoint where maximum difficulty occurs. 

The observation that 100% subtraction re- 
sults in essentially the same level of error as 
100% additions would seem to suggest that 
subtractions are inherently no more difficult to 
perform or rehearse than additions. On the 
other hand, the skewness in the curves shown 
in Fig. 2 would seem to indicate that the 
greater the percentage of subtractions, the 
greater the error. Hence, subtractions do 
seem to be more difficult to perform or rehearse 
than additions. This apparent contradiction 
suggests that Ss do not end to attach signs to 
their running tallies until such time as they 
have viewed both plus and minus signs in a 
given sequence. Stated differently, as long as 
successive symbols are all of one sign, the incre- 
menting process may be one of addition, but 
the rehearsal process will be signless. At some 
point, either after the first Occurrence of à 
symbol of a different sign or when different 
letters carry running tallies of different signs, 
Ss do take signs into account, subtractions be- 
come more difficult than additions, and hence 
the decrement in performance and the resultant 
skewness in the curve. At this point, however, 
it is unclear as to whether a subtraction is more 


difficult to handle in the incrementing stage or 
the rehearsal stage. 
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Fic. 2. Performance change as a result of alphabetic instructions as a 
function of amount of previous SR practice. (The parameter is intratrial 


locus of alphabetic instructions.) 


sponding analysis for R. groups resulted in a 
significant interaction between the two vari- 
ables, F (3, 184) = 3.60, p < .05, but only 
the main effect of amount of initial practice 
was significant, while method of initial prac- 
tice was not. In other words, the clearest 
difference in IAR between the FR and SR 
experiments was the poorer ability of SR Ss 
given the alphabetic instructions before pre- 
sentation to recode the items during the 
period in which the items were presented, 
and this effect appears to have increased 
directly with the amount of initial SR prac- 
tice. 

The correlation between SO2* and per- 
formance change as a result of alphabetic in- 
structions for all SR Ss (cf. Exp. I) was 
+.61 which is somewhat higher than for all 
FR Ss (4.47), but the difference between 
these two correlations just missed the .05 
level of significance, z — 1.95. It may be the 
case, then, that with the SR initial practice, 


8 While organization in serial recall is not 
strictly subjective in that output order is pre- 
scribed, the SO measure is still appropriate for 
indicating the consistency of successive recall or- 
ders since items are counted as correct regardless 
of the position which they occupy in the recall 


protocols. 


somewhat more of the decrement in IAR 
was accounted for by the consistency of re- 
call order from trial to trial. 

In general, the results of Exp. II encour- 
age the conclusion that appropriate storage 
is involved in successful retrieval. 


Experiment III 


Earhard (1967) has demonstrated that 
alphabetic-recall instructions provide not 
only a change in order for recall, but also 2 
cue to every stimulus item in terms of the 
initial letter with which it begins, i.e., alpha- 
betic-recall instructions require output ac- 
cording to a system of cues different, presum- 
ably, from the system evolved by S for free 
recall. Experiment III was designed tO 
examine the effect of change of retrieval cues 
from “meaningful” ones to alphabetic ones, 2 
meaningful cue being defined, very loosely, a5 
an English word which would provide a hint 
to the item to be recalled —in most cases 4 
category to which the item belonged (e.g 
MYTHOLOGY—cherub, noo Kitchen). 


Method 


Subjects, lists, and procedure-—The Ss were 
undergraduate students at Acadia University who 
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participated as a course requirement. There were 
12 Ss in each of four conditions: P-9, R-9, P-21, 
and R-21. 

The same two lists of words were used (cf. Exp. 
I) and six students in each group learned each list. 
The “target” words (e.g, cherub, kitchen) were 
centered on slides in large lowercase letters, and 
the cue words (e.g., MYTHOLOGY, ROOM), one for 
each target word, were printed in smaller upper- 
case letters in the upper left-hand corner of each 
slide. On each slide, then, S saw two English 
words, one of which was the word he knew he 
would be required to recall, and one of which he 
knew would be presented during the recall period 
as a cue to the to-be-recalled item. The Ss were 
instructed to say each target item to themselves 
as the slides appeared. 

The slides were projected, one at a time, onto a 
daylight screen at the rate of one word per 1.5 sec. 
in systematically varying orders (cf. Exp. I). 
During each self-paced, 90-sec. recall period, the 
cue words appeared, one at a time, in the window 
of the paper puller, in different sequences on each 
trial so that no cue word followed or preceded 
another more than once during the experiment. 


Results 


Preliminary analyses established the com- 
parability of the four groups of learners in 
terms of their original cued recall (CR) 
learning. The average numbers of words 
“forgotten” as a result of changing from CR 
to AR were the following: 8.6 for P-9, 11,5 
for R-9, 9.5 for P-21, and 14.0 for R-21. 
The analysis of variance revealed a signifi- 
cant main effect of intratrial locus of instruc- 
tions, F (1,44) = 13.33, p < 01. The main 
effect of amount of cued recall practice with 
these degrees of freedom reached only the 
10% level of confidence, Е (1, 44) = 283, 
Р < .10. 

Comparison of the СЕ data with corre- 
sponding groups in Exp. І and II revealed 
that, by far, the most difficult transition was 
that from cued to alphabetic recall after 20 
CR trials, and this was confirmed by analysis 
Eus which indicated a significant 

ethod of Initial Practice x Amount of 
ty үе interaction, F (2, 234) = 


Concrustons 


The purpose of the present series of experi- 
ments was to determine whether appropriate 
storage, in terms of the sequence and nature of 
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cues for the retrieval of verbal items, was nec- 
essary or not for the maintenance of a level of 
recall performance achieved previously. 

In support of an affirmative answer to this 
question, the following findings may be cited: 
First, in every experiment, and for every level 
of previous practice, immediate alphabetic recall 
was found to be superior when the alphabetic 
instructions were provided before the presenta- 
tion of the stimulus items. Second, there was 
a statistically significant relation between the 
degree of sequential organization during initial 
FR or SR practice and the decrement in per- 
formance after alphabetic instructions, and 
there was some suggestion that the strength of 
this relation may have increased somewhat 
when consistency in output order was made 
more stringent by incorporating it into the 
task requirement in serial recall. The implica- 
tions of these results are similar to those of 
Deese's (1957) experiment, i.e., it is easier to 
remember items which have been stored ac- 
cording to the retrieval system to be used during 
recall than to reorganize and recall those same 
items after they have already been seated in- 
correctly in the mental amphitheatre (cf. Mil- 
ler, 1956). Certainly, the large decrements in 
performance in Exp. III, while not refuting 
directly the notion that items are stored inde- 
pendently, do contradict the notion that items 
are stored in such a manner that they are 
equally as retrievable according to cues other 
than those according to which they have been 
stored. Finally, nowhere in this discussion has 
it been intentional to imply that traces of indi- 
vidual items are actually “connected” with one 
another, Rather, the main point to be made is 
that, to say the least, each independent trace 
appears to have stored with it some informa- 
tion as to the appropriate retrieval cue and the 
appropriate “direction” in which to search for 
the next item during recall. 
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EFFECTS OF INTENSITY AND DURATION ON THE LATENCY 
OF RESPONSE TO BRIEF LIGHT AND DARK STIMULI? 


THOMAS G. STICHT 2 


University of Arizona 


This study investigated the effects of duration and intensity of light flashes 
and momentary interruptions in a prevailing light stimulus (ie, dark 
stimuli) on reaction time (RT). RTs to both light and dark stimuli de- 
creased when the duration of low-luminance stimuli was increased. This 
temporal summation extended over approximately 100 msec. This suggests 
that the physiological mechanisms that limit the temporal summation of 


light and dark stimuli may be the same. 


The reaction time (RT) to low-intensity 
light flashes presented foveally decreases as 
the duration of the flash is increased up to 
10-20 msec. (Raab & Fehrer, 1962). A 
similar effect has been demonstrated using 
peripheral stimulation (Pease, 1964). These 
studies indicate a degree of interchangeability 
between the duration and the intensity of a 
light stimulus for reducing RT. Within 
limits, the effects of reducing the intensity of 
the stimulus can be countered by increasing 
the duration of the stimulus, at least when 
low-intensity stimuli are used. Such inter- 
changeability of intensity and duration | is 
epitomized in Bloch’s reciprocity law, which 
has been demonstrated to hold for threshold 
stimulation (Graham & Margaria, 1935; 
Karn, 1936). | 

The present study explores the relation- 
ship between the intensity and duration of 
visual stimuli with respect to the effects of 
these parameters on the RT to light flashes 
and brief dark stimuli. The dark stimuli are 
momentary interruptions ina prevailing light 
Stimulus, Several studies have indicated 
that, as with light flashes, the threshold for 

ctecting dark stimuli decreases as the dura- 
On of the darkness is increased (Gilde- 
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meister, 1914; Herrick, 1956; Rutenberg, 
1914). However, the single RT study found 
in the literature which explored the effects of 
duration on the RT to both light and dark 
stimuli reported no such effects, with dura- 
tions of from 10 to 150 msec. (Wells, 1913). 
The use of a constant foreperiod in the lat- 
ter study suggests that reactions may have 
become synchronized with the appearance 
of the stimulus, rather than initiated by the 
stimulus (cf. Woodworth & Schlosberg, 
1954, p. 29). The use of a variable fore- 
period in the present study precludes syn- 
chronization reactions. 

An additional aspect of the present study is 
the use of very long (5,000 msec.) durations. 
With such stimuli, S’s response is completed 
prior to the termination of the stimulus. 
Thus the long-duration light stimulus is an 
onset stimulus, while the long-duration dark 
stimulus is an offset stimulus. In previous 
RT work (Pease & Sticht, 1965), it was 
observed that with foveal stimulation, the 
RT to the offset of a low-intensity stimulus 
was slightly faster than to the onset. How- 
ever, while such results were consistent with 
those of several other investigators ( Jenkins, 
1926; Piéron, 1927; Steinman, 1944; Stein- 
man & Veniar, 1944), the differences were 
not statistically significant. "Therefore off- 
set and onset stimulus conditions were in- 
corporated into the present work to permit a 
further evaluation of the differences between 
onset and offset RTs. 


METHOD 


Apparatus.—An L-shaped monocular visual stim- 
ulator was used (Pease, 1964). The stimulus light 
was a Sylvania Glow Modulator (Type R1131C) 
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tube which has a rise and decay time of 0001 Е 
The light from this lamp was collimated a 
passed through Wratten neutral density filters i : 
to control intensity. A field stop sce qe 
area of the stimulus to a visual angle of 20. The 
light passed from the field stop, through a Ben 
splitter and converging lens, to an artificial pup 
(3-mm. diameter) directly in front of S's right eye. 

A second field stop provided a diamond-shaped 
foveal fixation pattern consisting ot four dots 
that, together, subtended a visual angle of 1° 10’. 
The fixation dots were projected on the beam split- 
ter—in the same plane as the stimulus light. When 
light stimuli were presented, the stimulus light 
passed through the center of the four dots of light. 
With dark stimulation, no fixation was needed 
since the stimulus light itself was constantly ig- 
nited and S was instructed to fixate it. An ex- 
ploratory study indicated that the presence or ab- 
sence of the fixation points in the dark stimulation 
condition had no effect on the observed relation 
between RTs to light and dark stimuli. 

The viewing end of the stimulator entered a 
light-tight booth in which S sat. | Fitted dental 
bite plates, to ensure a constant view, were pro- 
vided for each S. Within the booth, to the right of 
S, was a shelf into which a microswitch (Model 
L10) was mounted. Six stimulus durations were 
used: 8, 12, 22, 84, 165, and 5,000 msec. These 
durations were determined by calibrating the 
Hunter timer with a Hewlett-Packard electronic 
counter (Model 522B) and are the average of 20 

calibration trials per duration. Reaction times 
were recorded with the Hewlett-Packard counter. 
Power for the stimulus light was provided by a 
Heath Model W-PS-4 regulated power supply with 
the current output maintained at 35 ma. A primer 
light (NE 51) for the Glow Modulator tube was 
used. It was hidden from direct view and was 
never bright enough to be seen, even when S was 
fully dark-adapted. 

Luminances ranging from just above threshold 
to very high were obtained by inserting Wratten 
neutral density filters of 2.0 and 4.0 log units be- 
tween the lamp and the Maxwellian view lens. 
Unfiltered, the apparent luminance provided the 
eye in the Maxwellian view was 3,465 mL. Thus, 
with the log 2.0 and 4.0 filters, three intensities 
were obtained: 3,465 mL., 34.65 mL., and 0.3465 
mL. Calibration was accomplished with a Mac- 
beth illuminometer using the bipartite field tech- 
nique described by Leibowitz (1954). 

Subjects.—The Ss were three male students, 20, 
23, and 28 yr. of age. All were well practiced on 
the RT task. 

Procedure.—Prior to the experimental trials, S 
dark-adapted for 10 min. If S was to react to the 
dark stimulus condition first, E turned on the 
stimulus light and S light-adapted to the particu- 
lar intensity being used for 3 min. After this time, 
E started the tests. After adjusting the variable 
(2-4 sec. in steps of 1 sec.) foreperiod, E set the 
stimulus duration on the Hunter timer. The onset 
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or offset conditions were obtained through the use 
of the 5,000-msec. durations. To obtain a reaction, 
E said "ready," which was the signal for S to 
depress the microswitch and then, when prepared 
to respond, a footswitch, The latter closed the 
circuit of the foreperiod timer. At the end of the 
foreperiod, the stimulus timer was activated and 
the stimulus light was turned off (or on, when the 
light flash condition was being used) for one of the 
durations given above. Simultaneous with the 
stimulus timer, the Hewlett-Packard electronic 
counter was activated. As soon as S detected any 
change in the prevailing stimulus situation, he re- 
acted by releasing the microswitch lever as rapidly 
as possible. The latter action stopped the elec- 


tronic counter and E recorded the RT indicated 
thereon. 


Since there were light and dark stimulation con- 
ditions, three luminance levels and six durations 
(including the 5,000-msec. duration, which pro- 
duced onset and offset stimuli), and 5 RTs were 
obtained for each combination of conditions at 
each sitting, there were 180 RTs taken at each 
session, which lasted about 14 hr. The stimulus 
combinations were presented in a manner such as 
to preclude order effects. Sessions were run once 


a day for 10 days. In this manner, 50 RTs were 
obtained for each S. 


RESULTS AND DISCUSSION 


Means and standard deviations, based оп 
the daily medians obtained with each stimulus 
combination, were computed for each 
Graphic displays of the mean RTs are pre 
sented for the three Ss in Fig. 1. These data 
are plotted against the logarithm of the dura- 
tion of the light (solid symbols) or dark 
(open symbols) stimuli on the abscissa. А 

The analysis of variance summarized 1? 
Table 1 confirms the complex interaction O 
luminance, duration, and light or dark stimu- 
lus conditions shown in Fig. 1. This com- 
plexity was most evidenced by the significant 
(p <.05) triple interaction of these vari 
ables. Interpretation of this three-way 117 
teraction was facilitated by reference to the 
other interactions and main effects. The 
Luminance x Light and Dark Stimuli 115 
teraction was significant, while the main 
effects of light vs. dark stimuli and the 
Duration x Light or Dark Stimuli inter- 
action were not significant, These analyses 
suggest that while the light and dark stimuli 
may have differentially affected RT, their 
effects were highly dependent on the other 
stimulus parameters. 


The sensitivity of the effects of light of 
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dark stimulation to other stimulus variables 
may account for the discrepancies (at the 
statistical level) between the findings of 
Pease and Sticht (1965) and others (Jen- 
kins, 1926: Piéron, 1927; Steinman, 1944; 
Steinman & Veniar, 1944) with regard to 
differences between RTs to onset and offset 
stimulation, Pease and Sticht found that 
offen intensity stimuli, presented foveally, 
m faster than onset RTs, but the 
In the ces were not statistically significant. 
with hee Son study, the stimuli obtained 
were onset. ae ene light and dark sima, 
it can be ane Offset stimuli. From Fu 
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not statistically significant. In addition, S 
R. L. did not show this relationship between 
onset and offset RTs. These results testify 
to the sensitivity of light and dark stimulation 


TABLE 1 
SUMMARY OF THE ANALYSES OF VARIANCE 

Source df MS F Ф 
Luminance (А) 2 | 46324.19 | 43.29 | .005 
Duration (B) 5 4340.90 | 10.73 | .001 
Light/Dark (C) 1 | 615023 | 7.78 | .15 
Ss(D) 2 8984.11 
AXB 10 | 2846.55 | 8.83 | .001 
A XC 2 327.51 | 11.85 | .025 
AXD 4 1069.89 
ВХС 5 276.92 | 2.27 | 25 
BXD 10 413.53 
С 0 2 790.26 
AXBXC 10 50.79 | 2.38 | .05 
AXBXD 20 | 32236 
A«CXD | 4 27.62 | 
BXCXxD 10 | 121.81 | 
AXBXCXD! 20 21.32 
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effects to the experimental conditions, includ- 
ing, perhaps, individual differences. . 
Luminance appears to have a greater in- 
fluence on differences between reactions to 
light and dark stimuli than duration does. 
This is suggested by the significant inter- 
action of luminance and light or dark stimu- 
lus conditions and the nonsignificant inter- 
action of duration with the two modes of 
stimulation. Figure 1 shows that increasing 
the luminance increases the differences be- 
tween RTs to light and dark stimuli. The 
largest and most consistent differences are 
obtained with the highest intensity stimulus 
conditions. Averaging over the three Ss and 
the six durations, the RTs to dark are ap- 
proximately 20 msec. longer than those to 
light. While this may be indicative of an 
adaptation effect of some kind, this study 
sheds no light on whether it is neural or 
photochemical adaptation. 
The main effect of duration was signifi- 
cant (P < .001), as was the Luminance x 
Duration interaction (p < .001). Figure 1 
reveals these effects clearly. With low- 
intensity stimuli, reducing the duration in- 
creases the RT to both light and dark stimuli. 
This effect with the RTs to light is consistent 
with previous RT studies (Pease, 1964; 
Raab & Fehrer, 1962). The fact that RTs 
to dark stimuli also show temporal summa- 
tion is contrary to Wells’ (1913) RT work, 
but is consistent with several studies which 
have indicated that the threshold for detect- 
ing a dark stimulus decreases as the duration 
of the stimulus is increased (Gildemeister, 
1914; Herrick, 1956; Rutenberg, 1914). 
Thus it may be concluded that with respect 
to RT, visual "off" mechanisms show tem- 
poral summation just as “on” mechanisms 
(cf. Granit, 1962, for a discussion of visual 
“on” and “off” mechanisms), Furthermore, 
the range of durations over which summation 
occurs is quite similar for both light and dark 
stimuli, being approximately 100 msec. Pos- 
sibly, those neural mechanisms that serve 
to limit the temporal summation of light 
stimuli may also operate to limit the temporal 
integration of dark stimuli. 
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AUTONOMIC INDICATORS OF ORIENTING 
AND DEFENSIVE REFLEXES? 


DAVID C. RASKIN,? HARRY KOTSES,? ax» JAMES BEVER * 


Michigan State University 


The problem of differentiating orienting reflexes (OR) from defensive 
reflexes (DR) was investigated. One hundred and twenty male college 
students were employed in a factorial design which manipulated stimulus 
intensity, duration, and interstimulus interval. The Ss received 30 presenta- 
tions of white noise with a particular combination of stimulus parameters. 
Recordings were made of forehead blood content (BC), heart rate (HR), 
skin potential (SP), and skin conductance (SC). Forehead BC did not 
differentiate between ORs and DRs; however, HR and SP showed differ- 
ences in magnitude and form of response and rates of habituation as a function 
of stimulus intensity. The physiological data are related to Ss’ verbaliza- 
tions about the loudness and unpleasantness of stimuli, and interpretations 


about the autonomic indexes of ORs and DRs are offered. 


Soviet psychophysiologists have conducted 
numerous experimental studies of the char- 
acteristics and functions of what has come to 
be called the orienting reflex (OR). Ac- 
cording to Sokolov (1960, 1963) the OR 
is a generalized response to novelty or stim- 
ulus change, and it habituates on repetition of 
the stimulus. The OR is characterized by a 
complex pattern of physiological and skeletal 
changes. Sokolov states that the function 
of the OR is to produce heightened sensitiv- 
ity to environmental stimulation in order 
to increase the intake of information and 
facilitate learning. In these respects the OR 
serves a quite different function from the de- 
fensive reflex (DR) which attenuates the 
effects of stimulation. The DR is evoked 
by intense or noxious stimulation, and it has 
been differentiated from the OR on the basis 
of the cephalic vasomotor response. Pre- 
sumably, during an OR the blood supply to 
the brain is increased, and that increase 15 
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accompanied by vasodilatation in the blood 
vessels of the forehead. Conversely, during 
a DR the blood supply to the brain is de- 
creased, and that decrease is accompanied by 
vasoconstriction in the forehead blood ves- 
sels. In addition, the OR readily habituates 
to repeated stimulations, whereas the DR is 
quite resistant to habituation (Sokolov, 
1963). 

Although a large literature has begun to 
accumulate (Lynn, 1966) and much theoreti- 
cal speculation has used the concepts of 
OR and DR, there is a paucity of parametric 
data concerning the precise nature of the 
autonomic indicators which differentiate the 
OR from the DR and the stimulus condi- 
tions under which the two reflexes occur. A 
few studies have attempted to study the 
cephalic vasomotor response (Royer, 1965; 
Sokolov, 1963; Vinogradova & Sokolov, 
1957), but all of these studies are charac- 
terized by a total lack of quantification of 
the data. The present experiment was un- 
dertaken to explore, in a parametric fashion, 
the stimulus conditions which produce ORs 
and DRs and the means by which the two 
reflexes might be differentiated using mea- 
sures of autonomic activity. 

This experiment attempted to provide the 
simplest possible situation for the study of 
the effects of stimulus parameters on the 
evocation and habituation of ORs and DRs 
as measured by the cephalic vasomotor re- 
sponse. Each S was presented with a simple 
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series of white noise stimulations which did 
not involve any complicated contingencies or 
the performance of any task by S, and the 
study of the relation between stimulus in- 
tensity and the type of reflex evoked was 
the major concern. On the basis of Soko- 
lov’s (1963) theory it was predicted that 
as stimulus intensity increased, the magni- 
tude of the OR would increase up to a point 
at which the OR would be replaced by the 
DR. The replacement of the OR by the 
DR was expected to occur after fewer stim- 
ulations when the intensity of stimulation was 
very high. Therefore, occurrence of the DR 
to initial stimulations would require a very 
intense stimulus such as 100 or 120 db., 
whereas repeated stimulations would be ex- 
pected to produce DRs at intensities as low 
as 80 db. Thus, the relation between stim- 
ulus intensity and magnitude of response 
was expected to be nonmonotonic. It was 
predicted that increases in stimulus intensity 
would produce increases in magnitude of 
vasodilatation up to the point at which DRs 
would be evoked. Increases in stimulus in- 
tensity beyond that point were expected to 
produce increases in magnitude of vasocon- 
striction and decreases in magnitude of vaso- 
dilatation. 

In order to facilitate the habituation of the 
OR and its subsequent replacement by the 
DR at higher stimulus intensities, uncertainty 
in the stimulus situation was minimized by 
presenting the stimuli at fixed temporal in- 
tervals. The effects of stimulus duration and 
interstimulus interval were also investigated, 
It was hypothesized that relatively short in- 
terstimulus intervals and relatively long stim- 
ulus durations would produce more rapid 
habituation of the OR and thereby facilitate 
the occurrence of the DR at the higher stim- 
ulus intensities. 

The use of cephalic vasomotor activity to 
differentiate ORs from DRs suffers from 
serious practical difficulties in recording the 
response and interpreting the data, The 
only simple method of recording vasomotor 
activity from the forehead is by means of a 
photoelectric plethysmograph attached to the 
surface of the skin. The control of pressure 


of application of the pickup and the reduc- 
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tion of movement artifacts present formi- 
dable problems, and the lack of a physio- 
logically meaningful physical scale to use for 
quantifying the responses makes it extremely 
difficult to take account of the basal state of 
the peripheral vasculature in the calcula- 
tion of the amplitude of responses. Because 
of these inherent problems associated with 
the cephalic vasomotor response, it seemed 
important to explore other response systems 
in an effort to develop alternative means of 
differentiating the OR from the DR. Both 
heart rate (HR) and skin potential (SP) 
seemed to be likely candidates since they both 
allow the possibility of at least two different 
and opposing forms of response as repre- 
sented by acceleration and deceleration in 
VIR and negative and positive waves in SP. 
Previous research (e.g.. Forbes & Bolles. 
1936; Uno & Grings, 1965) has shown that 
high-intensity stimulation more readily 
evokes the positive wave of the SP response 
than does low-intensity stimulation. This 
finding suggests that the positive wave of 
the SP response may be a component of the 
DR since it follows the relationship as stated 
by Sokolov hetween stimulus intensity and 
type of reflex evoked. With respect to the 
HR response, Graham and Clifton (1966) 
concluded, on the basis of an extremely care- 
ful and critical analysis of the literature, that 
HR deceleration indicates the occurrence of 
an OR, and HR acceleration accompanies the 
occurrence of a DR. On the basis of the 
possibilities suggested by the literature (e.g. 
Forbes & Bolles, 1936; Lacey & Lacey, 
1958), the present experiment included con- 
tinuous recordings of SP and HR along with 
the cephalic vasomotor response. [n addi- 
tion, skin conductance (SC) was also re- 
corded in order to provide an 
of intensity of the response t 


Overall index 
O stimulation. 


METHOD 

Subjects—A total 

introductory psycholo; 
extra course credit, 

oratory, they were as 

tions according to a p 


of 120 male volunteers from 
БУ courses served as Ss for 
As they appeared at the lab- 
signed to experimental condi- 
1 redetermined random schedule. 
Desiqn.—Three independent variables were 
manipulated in a 5 X2 x 2 factorial design consist- 
ing of 5 stimulus intensities (40, 60, 80, 100, and 
120 db. of white noise), 2 stimulus durations (.5 
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and 5.0 sec.), and 2 interstimulus intervals (15 and 
45 sec.) measured between stimulus onsets. There- 
fore, each S received only one combination of 
stimulus intensity, duration, and interstimulus in- 
terval (ISI). There were six Ss in each of the 
20 cells of the design, and they all received a series 
of 30 stimulations. In an attempt to explore the 
effects of stimulus change, all Ss received 10 addi- 
tional stimuli, but the results were inconclusive and 
will not be reported here. 

Apparatus—Stimuli were programmed by means 
of punched paper tape and were presented auto- 
matically using electronic timers. The white noise 
was produced by a Marietta 24-21 white-noise gen- 
erator, the signal from which was amplified by a 
Dynaco Mark IV amplifier and presented to S via 
Sharpe HA 10 headphones. The intensity of the 
noise stimulus was measured at the earphones using 
a Bruel and Kjaer Model 2203 sound level meter 
(A scale) and a Model 4152 artificial ear. The 
ambient noise level of the S room was 37 db., and 
the temperature of the room was kept fairly con- 
stant at approximately 70° F. | . 

The physiological responses were continuously 
recorded on a Beckman Type R dynograph at a 
paper speed of 5 mm/sec. All of the recording sites 
were cleaned with 70% ethanol prior to the applica- 
tion of the electrodes. The electrodes were Ag- 
AgCI Beckman Biopotential, and they were attached 
by means of adhesive collars and filled with Beck- 
man electrode paste which has a NaCl electrolyte. 
Skin conductance was measured by means of a 
Darrow-type bridge with a constant current of 40 
pa., and the electrodes were attached to the po 
of the palm and the dorsal surface of the right 
hand. Skin potential was measured from the thenar 
eminence of the left hand with the reference elec- 
trode placed on the volar surface of the left 
forearm about 1 in. below the elbow. Prior to the 
application of the reference electrode, pe el 
vigorously rubbed with a course tissue until a loca! 
erythema was produced. Heart rate was mea- 
sured with a Beckman 9857 cardiotachometer using 
EKG Lead II. ni | 

Cephalic vasomotor activity was measured with 
a photoelectric plethysmograph. The pickup con- 
sisted of a block of black phenolic plastic in which 
were mounted a Clairex CL 704 photocell and a 
General Electric 683 miniature lamp powered by 
a 3-v. battery. The pickup was mounted flush to 
the surface of a 3X 3X 1 in. pad of black foam 
neoprene rubber. 'The pickup was cemented in a 
hole in the center of the rubber pad and was held 
in place on the surface of the forehead by means of 
a 2-in-wide elastic band placed around the head. 
A hole was cut in the elastic band so that the band 
pressed on the foam rubber pad rather than on the 
back of the pickup. This arrangement held the 
surface of the pickup securely against the fore- 
head with a relatively light, constant pressure which 
prevented discomfort to S and occlusion of the 
local blood vessels. The lead from the pickup was 
clipped to the headphones in order to prevent move- 
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ment artifacts produced by head movements. The 
signal from the plethysmograph bridge was re- 
corded dc. 

Procedure.—The S was seated in a comfortable 
armchair in a sound-attenuated room.  Aíter the 
pickups were attached, E calibrated the recording 
equipment and then read the instructions which in- 
formed S that he would hear a series of noises, 
and he was asked to sit quietly and move as little as 
possible. The E then left the room and entered 
the equipment room from which he could observe 
S through a one-way mirror. The stimuli were 
then presented by the automatic equipment. At 
the conclusion of the session, E asked S a number 
of standard questions which included estimates by 
S of the total number of stimuli presented and 
ratings of the loudness and unpleasantness of stim- 
uli on a 10-point scale from extremely soft 
(pleasant) to extremely loud (unpleasant). 

Quantification of the data.—The responses to 
each of the 30 stimuli were scored for each of the 
four physiological indicators. The SC response 
was calculated as the change in log conductance 
(Raskin, 1969) with the restriction that the re- 
sponse onset must have occurred within .4 and 5.0 
sec. following stimulus onset. The HR response 
was evaluated by a beat-by-beat analysis beginning 
3 beats prior to stimulus onset through 12 beats 
following stimulus onset. The HR readings were 
corrected for the one-beat lag inherent in cardio- 
tachographic recordings. The SP response was 
calculated in millivolt change for the negative and 
positive components. This was done by calculating 
the first wave as the peak change from base level 
at response onset and the second and third waves 
as changes from the peak of the preceding wave. 
In order to avoid scoring recovery phenomena as 
response activity, second and third waves were 
scored only if they reached their peak within 3 sec. 
of the preceding peak, and third waves had to 
meet the additional requirement of having exceeded 
the level of the first peak. The cephalic vasomotor 
response was measured in terms of maximum in- 
crease (vasodilatation) and maximum decrease 
(vasoconstriction) in blood content (BC) which 
occurred within 4 and 12 heart cycles following 
stimulus onset. The amplitude of the response was 
calculated as the number of millimeters of pen de- 
flection from prestimulus level, corrected for 
amplifier gain, with measurements made at the 
diastolic level for each heart cycle. 


RESULTS 


Figure 1 presents two examples of the 
responses evoked by stimulation for two 
different Ss. The left-hand side shows the 
responses to the first two 100-db. stimuli 
presented with a 15-sec. ISI. The forehead 
BC exhibited a pronounced increase to the 
first stimulus, and this response did not occur 
to the second stimulus. A similar result was 
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Fic. 1. Examples of polygraph recordings from two different Ss. (The point of 
stimulus onset is marked by slashes across each recorded channel.) 


apparent in the HR response which consisted 
of a large acceleration to the first stimulation 
and essentially no response to the second 
stimulation. There were increases in SC 
and small negative SP responses to both 
stimuli. In contrast, the right-hand side 
shows pronounced activity in all four re- 
sponse systems when the eleventh 120-db. 
stimulus was presented with a 45-sec. ISI. 
This S showed an increase in BC, HR ac- 
celeration, increase in SC, and a prominent 
diphasic SP response. 

Forehead blood content—The mean in- 
creases and decreases in BC as a function of 
stimulus intensity are shown for blocks of 
two stimuli in Fig. 2. An inspection of the 
data reveals that pronounced increases in 
BC occurred to the first few presentations of 
the higher intensities of stimulation. Over 
the course of stimulations these increases in 
BC showed significant habituation, F (29, 
2900) = 9.50, p < .001. The observed ini- 
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Fic. 2. Changes in mean forehead BC at the 
different stimulus intensities as a function of suc- 


cessive stimulations. 


tial differences as a function of stimulus 
intensity were followed by convergence to a 
common level of response as demonstrated by 
a significant Intensity X Repetition interac- 
tion, F (116, 2900) = 2.12, р < .001. There 
were no other reliable effects on increase in 
BC. 'The effects on decreases in BC were 
even less apparent. There was a significant 
Intensity X Repetition interaction, F (116, 
2900) = 1.23, р < .05, which seems to have 
been the result of the initially small magni- 
tude of decreases in BC to the 120-db. stimu- 
lus followed by slightly larger responses to 
the later stimulations, while the responses to 
all other intensities remained at a relatively 
constant, low level throughout the stimulus 
series. 

Heart-rate responses.—The beat-by-beat 
measures of the HR response were averaged 
over the total of 30 stimulations, and the 
means for each stimulus intensity are pre- 
sented in Fig. 3. For convenience of pre- 
sentation the HR values are expressed as 
changes from Prestimulus Beat 3, The 
dominant feature of the HR response at all 
stimulus intensities was a pronounced accel- 
eration which began two or three beats after 
stimulus onset and reached its peak on Post- 
stimulus Beat 4 or 5. An HR acceleration 
score consisting of the mean of Poststimulus 
Beats 4 and 5 minus the mean of the three 
prestimulus beats was calculated for all re- 
sponses and subjected to an analysis of 
variance. There was a significant difference 


produced by stimulus intensity, F (4, 100) 
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= 8.00, p < .001, and a Newman-Keuls test 
(Winer, 1962) showed that the acceleration 
to 120 db. was significantly greater (p < .05) 
than at all other intensities, which did not 
differ among themselves. The smallest ac- 
celeration occurred to the 40-db. stimulus, 
and was significantly greater than zero, F (1, 
100) = 5.65, р < .025. The acceleration 
showed significant habituation as a result of 
stimulus repetition, F (29, 2900) = 3.28, p 
< 001. There was, however, a significant 
Intensity x Repetition interaction, F (116, 
2900) = 2.08, р < .001, which is shown in 
Fig. 4. This interaction was probably the 
result of the 120-db. and 100-db. stimuli hav- 
ing produced relatively large accelerations 
early in the stimulus series, whereas the 40- 
db. and 60-db. stimuli produced either no 
acceleration or slight deceleration early in the 
Series, After continued repetitions all stim- 
uli produced small or moderate accelerations 
throughout the remainder of the stimulus 
series, There was also a significant effect 
of ISI on HR accelerations, F (1, 100) = 
9.63, р < .005, with the 45-sec. ISI having 
produced larger accelerations (М = 3.1 
bpm) than the 15-ѕес. ISI (M = 1.8 bpm). 
As seen in Fig. 3, there was a return 
toward prestimulus level following the ac- 
celeratory phase. In order to evaluate this 
deceleratory component of the HR response, 
an HR deceleration score consisting of the 
mean of Poststimulus Beats 10 and 11 minus 
the mean of the three prestimulus beats was 
caleulated for all responses and subjected to 
an analysis of variance. There was a signifi- 
cant intensity effect, F (4, 100) — 4.66, p « 
005, and a Newman-Keuls test showed that 
the HR remained at a significantly higher 
(> < .05) level following the 120-db. stimu- 
lus. as compared to the other intensities, 
LAE not differ among themselves. The 
tion score 558 effect on ће HR decelera- 
Е (1, 100) mE duration of the stimulus, 
return beyond. i р < 05. There was а 
Ован ities inus level following the 
failure to return is 1 = —2 bpm) and а 
lowing the .5-sec, sti Prestimulus level fol- 
> Stimulus (Л = 4 bpm). 
There was evidence that а short-latency 
H rati rái short-la ) 
К deceleration occurred Immediately follow- 
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ing stimulation. There was a significant HR 
decrease (—.8 bpm) from Prestimulus Beat 
3 to Poststimulus Beat 1, F (1, 100) — 
26.98, р < .001. This rapid deceleration was 
not affected by stimulus intensity, F < 1, and 
there was not a significant effect of stimulus 
repetition, F (29, 2900) = 1.32, p < 10. 
However, the 5.0-sec. stimulus produced 
significantly greater short-latency decelera- 
tion (M = —1.0 bpm) than the .5-sec. stim- 
ulus (M = —.4 bpm), F (1, 100) = 5.65, Р 
« .025. In addition, the 15-sec. ISI pro- 
duced reliably larger short-latency decelera- 
tion (M — —1.2 bpm) than the 45-sec. ISI 
(M = —4 bpm), F (1, 100) —10.52, p< 
.005. By Poststimulus Beat 2, a significant 
difference in HR change from Prestimulus 
Beat 3 had developed as a function of stimu- 
lus intensity, F (4, 100) = 12.69, р < .001. 
A Newman-Keuls test («=.05) showed 
that at this point, HR after 120 db. was sig- 
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of the SP response at the different stimulus inten- 
sities as a function of successive stimulations. 


nificantly higher than after 100 db., and HR 
after 100 db. was significantly higher than 
after 80, 60, and 40 db. 

It is possible that the observed decrease in 
HR from Prestimulus Beat 3 to Poststimulus 
Beat 1 was to some extent a result of using a 
short, fixed ISI. Since the HR response 
may not have been complete in 15 sec., under 
the 15-sec. ISI the next stimulus may have 
occurred during a period of recovery from 
the response to the preceding stimulus. 
Therefore, 45x 2x 2x 30x 3 analysis of 
variance was performed using only the three 
beats preceding the onset of each stimulus. 
There were numerous reliable effects which 
included a significant decrease in HR across 
beats, F (2, 200) = 12.64, р < .001, and a 
significant Duration X ISI х Beats interac- 
tion, F (2, 200) = 575, р < .005. "These 
results showed that a decrease in HR had be- 
gun prior to stimulus onset and was almost 
completely accounted for by the group which 
received the combination of a 5.0-sec. stimu- 
lus presented at a 15-sec. ISI. The mean 
decrease in HR in that condition was —1.4 
bpm and was large enough to account for 
most of the observed deceleration from Pre- 
stimulus Beat 3 to Poststimulus Beat 1. 
Thus, the previously described short-latency 
HR deceleration may have been due to the 
recovery from the HR response evoked hy 


the previous stimulus. 
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Skin potential responses—The means of 
the negative and positive components of the 
SP response are shown by blocks of two 
stimuli in Fig. 5. Stimulus intensity pro- 
duced significant differences in the negative 
component, F (4, 100) = 6.58, p < .001, and 
significant differences in the positive compo- 
nent, F (4, 100) 21522, p< .001. A 
Newman-Keuls test showed that the 120-db. 
and 100-db. stimuli produced significantly 
larger (р < .05) negative components than 
did the other intensities, which did not pro- 
duce differences among themselves. A simi- 
lar test (« — .05) on the positive components 
showed that the response to 120 db. was sig- 
nificantly larger than the response to all of 
the other intensities, and the response to 100 
db. was significantly larger than the response 
to 40 db. 

Perhaps the most interesting features of 
the SP responses were the magnitudes of the 
two components to the initial stimulations at 
the different stimulus intensities and the sub- 
sequent effects of stimulus repetition, For 
the negative component, the first two stimuli 
produced no significant differences (p> 
.10) as a function of stimulus intensity. The 
responses to subsequent stimulations re- 
mained relatively large for the 120-db. and 
100-db. stimuli, whereas the responses to 
the other intensities were maintained at а 
level slightly above zero. The overall down- 
ward trend produced by stimulus repetition 
was significant, F (29, 2900) = 6.89, p < 
.001, and there was no Intensity X Repeti- 
tion interaction, F < 1. The positive compo- 
nent showed a quite different result. There 
was a monotonic relationship between stim- 
ulus intensity and the magnitude of the posi- 
tive component produced by the initial stim- 
ulations, and the Newman-Keuls test showed 
that the response to each intensity was sig- 
nificantly different from every other in- 
tensity, p < .01. In addition, there was а 
significant Intensity х Repetition interaction, 
F (116, 2900) = 4.22, р < .001, which sup- 
ports the observation that the positive com- 
ponent habituated to an asymptote of zero 
for all intensities except 120 db. The only 
other reliable effect on SP responses was 
associated with the variation in ISI which 
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produced a larger negative component at the 
sec. ISI (M = —233 mv.) than at the 
15-вес. ISI (M = —.9 mv.), F (1, 100) = 
22.08, p < .001. 

Shin conductance responses —The means 
of the SC responses evoked by the different 
stimulus intensities are presented in Fig. 6 
in blocks of two stimuli. Stimulus intensity 
produced a significant difference in the over- 
all magnitude of SC responses, F (4, 100) 
= 2146, p < .001. The Newman-Keuls test 
(« = .05) showed that the SC responses to 
the 120-db. stimulus were significantly larger 
than the responses to all of the other stimuli. 
here was significant overall habituation of 
the SC response as a result of stimulus repe- 
tition, F (29, 2900) = 3921, р < .001. A 
Significant Intensity X Repetition interac- 
tion, F (116, 2900) = 2.03, ^ < 001, indi- 
cated that as stimulus intensity increased, 
there was a decrease in the amount of habitu- 
ation produced by repeated stimulations. 
Although the SC response to the 120-db. 
stimulus showed the smallest decrease from 
the first to the last stimulus in the series, that 
decrease was significant, ¢ (46) = 201, p< 
.05, The only other reliable effect on SC re- 
sponses was produced by the variation. in 
ISI. The 15-sec. ISI produced significantly 
smaller responses (M = .995) than the 45- 
sec. ISI (M — 1.296), F (1, 100) = 9.10, 
p < 005. 

Base-level effects.—1n order to assess the 
possible effects of stimulus parameters on 
tonic autonomic activity, measurements of 
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base-level HR, SP, and SC were made at the 
onset of each stimulus. Since the dc record- 
ing of forehead BC did not permit any mean- 
ingful measure of base level, it was not in- 
cluded in these analyses. 

Base-level HR was calculated as the mean 
of the three beats preceding stimulus onset. 
The mean base-level HRs produced by stim- 
ulation at 40 through 120 db. were 66.6, 
68.8, 67.4, 67.5, and 71.9 bpm, respectively. 
Analysis of variance indicated that the only 
significant effects on base-level HR were pro- 
duced by repetition, F (29, 2900) = 2.05, p 
< .001, Intensity X Repetition, F (116, 
2900) = 1.80, p < .001, and Intensity x ISI 
х Repetition, F (116, 2900) = 1.57, p< 
1005. An inspection of the data indicated 
that there were differential effects of stimulus 
intensity and ISI following the first two or 
three stimulations. These effects were char- 
acterized by large increases in base-level HR 
produced by the 120-db. stimulus when this 
stimulus was presented with a 15-sec. ISI. 
With high-intensity stimulation and the short 
ISI there was insufficient time for the HR 
to return to prestimulus level prior to the 
presentation of the next stimulus. Since the 
HR accelerations to the 120-db. stimulus 
showed a great deal of habituation during the 
early stimulations (see Fig. 4), the effects on 
base-level HR had disappeared after approxi- 
mately four stimulations. 

Analysis of the base-level SP uncovered a 
number of interesting effects, some of which 
are shown in Fig. 7 by blocks of two stimuli. 
There was a significant effect of stimulus in- 
tensity, F (4, 100) = 2.99, р < .025, which 


indicated that as stimulus intensity increased, 
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onset of successive stimuli. 


there was a monotonic increase in negative 
potential. The effect of ISI was also signifi- 
cant, F (1, 100) = 6.19, р < .05. The base- 
level potential was higher with the 15-sec. 
ISI (M = —14.0 mv.) than with the 45-sec, 
ISI (M = —8.8 mv.). There was a signifi- 
cant general decrease in base-level poten- 
tial over the course of stimulations, F (29, 
2900) = 107.81, р < .001. In addition, 
there were significant interactions of Inten- 
sity X Repetitions, F (116, 2900) = 6.70, p 
< 001; ISI х Repetitions, F (29, 2900) = 
5.85, р < .001; and Intensity x ISI x Repe- 
titions, F (116, 2900) = 3.53, р < .001. An 
inspection of the data led to the conclusion 
that the higher order interaction was mainly 
due to differential effects of the higher stim- 
ulus intensities under the two ISIs. With 
the 45-sec. ISI there was very little decrease 
in base-level potential for the 120-db. con- 
dition, whereas the other intensity conditions 
produced pronounced decreases in base po- 
tential and the 80-db. condition actually pro- 
duced a change to positive levels of potentials. 
In contrast, the 15-sec. ISI produced a gen- 
eral trend of decreasing base potential with 
greater decreases at the lower stimulus in- 
tensities. The only exception to this general 
picture occurred in the 120-db. condition, 
which produced an initial drop in base level 
followed by a rapid rise to a fairly high level. 
The base-level SC is shown in Fig. 8 by 
blocks of two stimuli. The only significant 
effects were produced by repetitions, F (29, 
2900) = 3.27, p < 001, and Intensity x 
Repetitions, F (116, 2900) — 6.70, p < 001. 
Skin conductance showed small initial in- 
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creases followed by relatively constant or 
decreasing levels with all intensities of stim- 
ulation except 120 db., which produced a con- 
tinuous increase in base-level conductance 
over the course of stimulations. 

Verbal reports.—2As stimulus intensity in- 
creased, the means of Ss' ratings of loudness 
increased monotonically from 3.0 for 40 db. 
to 7.8 for 120 db., and this effect was sig- 
nificant, F (4, 100) = 44.05, p<.001. A 
Newman-Keuls test indicated that all of the 
means were significantly different from each 
other, р < .05. The variation in ISI also 
had a significant effect on the ratings of 
loudness, F (1, 100) = 5.18, р < .05, with 
the 15-sec. ISI producing lower ratings (М 
= 4.9) than the 45 sec..ISI (M = 5.5). 

The effect of intensity on the ratings of un- 
pleasantness also produced a significant 
monotonic increase from 3.8 for 40 db. to 8.5 
for 120 db., F (4, 100) = 18.43, р < .001. 
A Newman-Keuls test showed that all com- 
parisons between means were significant (p 
X 05) except for 60 db. vs. 40 db. and 80 
db. vs. 60 db. The manipulation of ISI 
produced the only significant effect on esti- 
mates of the number of stimuli presented, 
F (1, 100) 27.38, P « 01. The 45-sec. 
ISI resulted in fairly accurate estimates of 
the number of stimuli (M — 42.8), and the 
15-sec. ISI produced underestimates of the 
number of stimuli (M — 32.0). 


DiscussioN 


The attempt to study the effects of stimulus 
intensity on the cephalic vasomotor response, 
as represented by changes in forehead BC, pro- 
duced disappointing results, Although the first 
few stimulations produced increases in BC 
which were larger at the higher stimulus in- 
tensities, there was no evidence that these re- 
sponses were replaced by decreases in BC fol- 
lowing repeated stimulations. Thus, the pre- 
dicted switch from ORs to DRs at the higher 
stimulus intensities failed to occur, and there 
was no conclusive evidence that DRs were 
manifested in the cephalic vasomotor response. 
The data seemed to indicate that initial dilata- 
tions habituated after a few stimulations, and 
vasomotor activity in response to subsequent 
stimulations was characterized by a lack of 
differentiation among stimulus intensities. 
These results were quite similar to those ob- 
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tained with chin volume by Davis, Buchwald. 
and Frankmann (1955). On the basis of these 
data it may be concluded that changes in fore- 
head BC do not provide an adequate index for 
reliably differentiating ORs from DRs. This 
Conclusion should be viewed with caution since 
Measurements were made only to 12 beats fol- 
lowing stimulus onset and long-latency vas- 
9motor changes may not have been detected. 
Towever, analyses of data subsequently col- 
lected produced similar results when measure- 
ments were extended to 20 beats following 
stimulus onset. 

In contrast to the measures of forehead BC, 
the results obtained with other response systems 
Were clearly related to stimulus intensity. Al- 
though a reliable HR acceleration occurred at 
all stimulus intensities, the acceleration pro- 
duced by the 120-db. stimulus was considerably 
larger fhan the acceleration at other stimulus 
intensities. In addition, HR subsequently re- 
turned to prestimulus level at all intensities 
Except 120 db. Thus, the 120-db. stimulus pro- 
duced a pattern of HR changes which differed 
in the magnitude of the evoked acceleration 
and the failure to rapidly return to prestimulus 
level. Perhaps this larger and sustained HR 
Increase provides the means for differentiating 
the DR from the OR. 

The HR response to the first four stimula- 
tions showed only deceleration at 40 and 60 db. 
and only acceleration at the higher intensities. 
Subsequent stimulations produced accelerations 
at all intensities. These results may be inter- 
preted to show that initially the low-intensity 
stimulation produced ORs, as represented by 
the decelerative component, which quickly 
habituated. The finding of an accelerative com- 
Ponent in response to subsequent stimulations 
may be interpreted as a specific acoustic reflex 
'n accord with the suggestion made by Graham 
and Clifton (1966). Since the 40-db. stimulus 
represented an increase of only 3 db. above the 
ambient level, it seems unlikely that the small 
tecclerations evoked by the lower stimulus in- 
йе represented a DR or a startle reflex 

The oa rise in stimulus intensity. : 
ilie acceler! finding of partial habituation ot 
comment, The H response requires some 
the HR acelera decrease in the magnitude of 
ulations at 109 aud occurred within three stim- 
the result of the m db., and it was probably 
à startle response toes and habituation of 
of an intense stimulus "Ced by the rapid onset 
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stimuli showed rapid skeletal movements at the 
onset of the stimulus, and such movements were 
no longer present after a few stimulations. This 
finding is consistent with the findings reported 
by Dykman, Reese, Galbrecht, and Thomasson 
(1959). Thus, it may be concluded that the 
HR accelerations observed in the present ex- 
periment were comprised of the following com- 
ponents: (a) a startle response which was pro- 
duced by the high-intensity stimuli and which 
habituated after a few presentations, (b) a 
specific acoustic reflex which was evoked by 
all intensities of stimulation and which was 
present in response to lower intensity stimuli 
only after the decelerative component of the 
OR had habituated, and (c) a longer lasting 
DR which occurred to the 120-db. stimulus and 
continued to occur throughout the stimulus 
series. 

The results obtained with the SP response 
also showed strong effects of stimulus intensity. 
The most striking feature of the results was 
the monotonic relationship between stimulus in- 
tensity and the magnitude of the positive wave 
of the SP. The 120-db. stimulus not only pro- 
duced initially larger positive wave activity, but 
that was the only stimulus which continued to 
produce positive wave activity over the entire 
series of 30 stimulations. The results obtained 
with the negative component were somewhat 
different, as there were no initial differences 
in magnitude of negative wave activity as a 
function of stimulus intensity. However, there 
was a subsequent differentiation of negative 
activity as a function of stimulus intensity, with 
the 120-db. and 100-db. stimuli producing 
greater magnitude of responding than the other 
stimuli. In contrast to the positive component, 
the magnitude of negative activity did not 
clearly habituate to zero at the lower intensities 
of stimulation. 

In accord with previous studies (e.g., Forbes 
& Bolles, 1936), these results appear to indicate 
that the positive and negative components of 
the SP response are differentially influenced 
by variations in stimulus intensity and may 
involve the selective action of two different 
effector systems (Edelberg, 1967). With re- 
spect to the problem of differentiating DRs 
from ORs, it may be concluded that a nonhabitu- 
ating positive wave is related to the occurrence 
of a DR. Initial stimulations at high intensity 
evoked startle responses which may have con- 
tributed to the initial increased magnitude of 
positive waves at high stimulus intensity. Since 
negative wave activity showed no initial differ- 
magnitude of response to all intensities 


ences in 
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and habituation was more rapid at lower in- 
tensities, it appears that the negative wave may 
be related to the occurrence of ORs. This is 
consistent with Sokolov's (1963) position that 
novel stimulation initially produces ORs which 
are more resistant to habituation at higher 
stimulus intensities. The fact that negative 
wave activity failed to habituate completely at 
lower stimulus intensities may be tentatively 
interpreted to have been the result of a specific 
acoustic reflex similar to that observed in the 
HR response. Further research is needed to 
clarify this interpretation. 

The measurements of SC responses were 
used to provide a general index of the magni- 
tude of responses and the course of habituation 
of responses. The results showed a strong 
monotonic relationship between magnitude of 
SC response and stimulus intensity. Using 
this measure, the 120-db. stimulus again pro- 
duced clearly larger responses than did the 
other stimuli, Although there was reliable 
habituation of SC responses evoked by all 
stimuli, the amount of habituation was smallest 
at the 120-db. intensity. It appears that in- 
tense stimulation, which produced character- 
istically different HR and SP responses, also 
had the effect of producing SC responses which 
were relatively less susceptible to habituation. 
Thus, the presence of large and sustained SC 
responses is related to the occurrence of DRs. 

Tonic ORs, as measured by base-level HR, 
SP, and SC, were generally characterized by 
either relatively stable levels or slight increases 
followed by decreasing levels of activity during 
the course of the stimulus Series, with greater 
decreases at the lower stimulus intensities. 
This result is consistent with the notion that 
tonic ORs habituate over time (Lynn, 1966). 
The main exception to that trend Occurred in 
the 120-db. stimulus conditions. With the high- 
est intensity of stimulation, SC base levels con- 
tinued to rise during the course of the stimulus 
session, and SP base level showed a moderate 
increase under the 15-sec. ISI. These per- 
sistent increases in base-level activity in the 
skin may be indicative of the occurrence of 
tonic DRs evoked by high-intensity stimulation. 
It was against this background of high base 
levels that positive wave activity continued to 
occur in response to the 120-db. stimulus, and 
it may be that the maintenance of a high level 
of SP is related to the persistence of the posi- 
tive wave response. 

The effects of ISI on SP and SC response 
magnitudes may also be related to the observed 


differences in tonic activity. — Base-level SP 
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was significantly higher under the 15-sec. ISI. 
At the same time, smaller magnitudes of nega- 
tive SP waves and SC responses were evoked 
by stimulation under the shorter ISI. Thus. 
it seems that the relatively massed presentation 
of stimuli elevated the tonic levels of activity 
and reduced the magnitude of responses evoked 
by stimulation. 

The effects of relatively rapid presentation 
of successive stimuli on the magnitude of 
evoked ORs might be interpreted as being а 
direct result of changes in the state of the 
peripheral effectors in the skin. However, the 
data obtained from the verbal reports of Ss 
cast doubt on that conclusion. The effects of 
ISI were manifested in the ratings of the loud- 
ness of the stimuli and the estimates of the 
number of stimuli presented. The presentation 
of stimuli with the shorter ISI not only re- 
sulted in a reduction of the perceived loudness 
of the stimuli, but the Ss under that condition 
greatly underestimated the number of stimuli 
presented. It appears that the rapid presenta- 
tion of stimuli produced more rapid habituation 
of ORs, which had the effect of reducing the 
perceptual impact of the stimuli, 

The Ss’ ratings of the loudness and unpleas- 
antness of the stimuli corroborated the effects 
of stimulus intensity which appeared in the 
physiological data. There were strong mono- 
tonic increases in perceived loudness and un- 
pleasantness as a function of stimulus intensity: 
Consistent with the physiological data, the 
120-db. stimulus produced the largest increases 
in both rated loudness and unpleasantness О! 
stimuli. It seems reasonable to conclude that 
only as stimulus intensity was increased to а 
very high level did Ss perceive the stimulus a5 
highly noxious, and the qualitative and quan- 
titative differences in physiological responses 
evoked by such stimulation may be considered 
to be good indicators of the occurrence of DRS- 
Thus, indicators such as increased HR accelera- 
tion with slow return to prestimulus level, non- 
habituating positive SP waves, and increasing 
levels of skin conductance and skin potential 
all seem to be associated with the presentation 
of intense, noxious stimulation. 

The major negative result obtained in this 
experiment was the failure to find any clear 
relationship between cephalic vasomotor activity 
and stimulus intensity, and further research is 
required to clarify the nature of the cephalic 
vasomotor response. Also in contrast to the 
predictions made on the basis of data reported 
by Sokolov (1963), the data of the present 
study seem to be consistent in indicating that 
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120 db. was required to evoke DRs. Since 
Sokolov's method of calibrating stimulus in- 
tensities was not described and he used pure 
tones as stimuli, the discrepancy between pre- 
dicted and observed results may have been due 
{0 perceived differences in stimulus intensity 
and quality produced by the use of broad-band 
аз opposed to narrow-band stimulation. 
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DIFFERENTIAL EFFECTS OF REAL VERSUS 
HYPOTHETICAL PAYOFFS ON CHOICES 
AMONG GAMBLES' 
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Two hundred thirteen male undergraduates were assigned to two groups. | 
The Ss іп both groups were asked to indicate the gamble that they would most | 
prefer to play from among each of 18 pairs of gambles. The Ss in Group H 
(№ = 184) made hypothetical choices. They did not actually play any of 
their preferred gambles. The Ss in Group RP (N = 29), after making their 
choices, played a number of gambles to determine their salary. When choices 
were hypothetical, Ss maximized gain and discounted the possibilities of loss. | 


When Ss knew they would have to p 


lay their preferred gambles, they were 


more cautious, preferring better odds and smaller losses than did Ss in the 


hypothetical condition. 


Is risk-taking behavior differentially in- 
fluenced by the kinds of consequences—real 
vs. imaginary—that follow on one’s choices? 
One would expect that considerable evidence 
bearing on this fundamental question would 
have accumulated during the course of the 
more than 100 studies of risk taking and 
gambling that have been conducted since 
Preston and Baratta’s (1948) inaugural ex- 
periment. In reality, this question has rarely 
been examined (Kogan & Wallach, 1967, pp. 
138-143). 

Hypotheses about the differential effects 
of real and hypothetical payoffs can be de- 
scribed within the framework presented by 
Slovic and Lichtenstein (1968b). They ob- 
served that gambles can be characterized 
as multidimensional stimuli. For example, a 
two-outcome gamble in which one outcome 
is a gain of some amount of money and the 
other is a loss can be described in terms of 
four basic risk dimensions—probability of 
winning (Pw), amount to win ($w), prob- 
ability of losing (Pu), and amount to lose 
($). Slovic and Lichtenstein proposed that 
gambling strategies be described in terms of 
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the relative importance of these dimensions 
to the decision maker. 

Feather (1959) hypothesized that whet 
Ss are committed to acting on their decisions 
the possibility of failure and loss would be 2 
much more important consideration tha? 
when a wishful choice is elicited. Feather’S 
hypothesis can be rephrased in terms of г isk 
dimensions. Essentially he was hypothesi ; 
ing that maximizing Pw and minimizing P. 
and $1, would be more important under rea” 
play than under hypothetical conditions: 
while maximizing $w would be more salien 
when payoffs are hypothetical. In contras 
to this hypothesis is the assumption, implict 
in many studies of hypothetical decision? 
that a person's behavior will be little differe” 
under “just-imagine” instructions than T 
situations where he is committed to acceP™ 
ing the consequences of his actions. 

Feather (1959) presented some evident? 
in support of his hypothesis. He found that 
children expressed preferences for less PT g 
able goals but actually chose more probable 
goals when the choice involved commitme? 
to action. However, a study of probability 
preferences by Edwards (1953) provide | 
contradictory data. Edwards found that 55 
preferred bets with high probabilities of win 
ning small payoffs under just-imagine соп” 
ditions, whereas they preferred longer odds 
and higher winning payoffs when рау! 
for real money. Unfortunately, the jue 
imagine conditions occurred during the fi 
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tour sessions of the experiment and the real 
play occurred during Sessions 11-14, and 
$0 the change in preferences may have been 
due to practice or experience rather than to 
Payoff conditions. 

In another of the few studies in which pay- 
off conditions were systematically manipu- 
lated, Slovic, Lichtenstein, and Edwards 
(1965) found that imaginary incentives led 
Ss to employ simpler decision strategies than 
they did when payoffs were real. However 
because of confounding of the risk dimensions 
m the bets used in this study, the relative 
ппрогќапсе of the various dimensions could 
not be unequivocally assessed. Hence, this 
Study does not provide information relevant 
to the aforementioned hypotheses. 

The present study was designed as a direct 
test of the hypothesis that Ss boldly decide to 
Maximize hypothetical gains, but cautiously 
decide to minimize chance of losing and 
amount to lose when real money is at stake. 


METHOD 


Stimuli.—In order to study the relative import- 
ance of the basic risk dimensions, a special gamble 
Was constructed in which probabilities of winning 
and losing and their respective payoffs could be 
varied independently. This type of stimulus, called 
a duplex gamble, has been used previously by 
Slovic and Lichtenstein (19682, 1968b) and is illus- 
trated in Fig. 1. A duplex gamble is represented 
by two discs, each with a pointer on it. The left- 
hand disc is used for determining winnings. The 
right-hand disc determines losses. To play a 
duplex gamble, Ss must spin the pointers on both 
the winning and losing discs. This means that Ss 
Сап win and not lose, lose and not win, both win and 
se, or neither win nor lose. 

The Ss were shown pairs of duplex gambles and 
asked to select the bet within each pair that they 
i most prefer to play. Т he pairs of gambles 
4 a Constructed so that each choice would provide 
dien агізоп of the relative importance of two risk 

air ln As an illustration of this, consider 
an amount 5, ^, Note that the upper gamble offers 
that provided per that is eight times greater than 
lower gamble n4 the lower gamble. However, the 
times greater ү е advantage of providing eight 
aspects of both obability or winning. The losing 
values are equal, ppls as well as their expected 
and Pw to denote tei in gambles are labeled $w 
choice of ће upper gamble SPective advantages. A 
maximizing $w is more m 15 taken to indicate that 
Pw. А choice of the jos portant than maximizing 
the opposite. €T gamble indicates just 
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WIN 51 LOSE $2 


WIN $O LOSE $0 


Fic. 1. Example of a duplex gamble where 
Pw = d, $w = $1, Р. = r, and $,— $2. 


In similar fashion, each of the remaining pairs in 
Fig. 2 pits a gamble having an eightfold advantage 
on one dimension against a gamble having an 
eightfold advantage on another dimension. Across 
the six pairs, each dimension is pitted against each 
of the other three dimensions. 

Several of the pairs shown in Fig. 2 are quite 
similar, except for their duplex format, to gambles 
used by other investigators. For example, Pairs 1 
and 6 are closely related to the bets used by Ed- 
wards (1953) and others to study "probability 
preferences." Pair 3 is analogous to the bets used 
by Coombs and Pruitt (1960) to assess Ss’ “prefer- 
ence for variance.” Pairs 2, 4, and 5, however, 
have no previous counterparts. 

In the present study, each comparison between a 
particular pair of dimensions was represented in 
three different pairs of gambles. Thus Ss chose 
among a total of 18 pairs, including those pictured 
in Fig. 2 and 12 additional pairs. The values of 
the n-fold advantages in these additional pairs were 
2, 5, and, in a few instances, 9. Across the various 
bets, Pw and Px ranged between .1 and .9, while 
gains and losses varied between 10¢ and $1.80. 

Subjects and procedure.—The Ss were 213 un- 
dergraduate males from the University of Oregon. 
They were assigned to two groups. Group H 
(hypothetical) consisted of 184 Ss, tested simul- 
taneously, who were asked to check the gamble 
from each pair that they would prefer to play in 
a “real gambling” situation. However, they knew 
they would not actually get to play these gambles. 
They were paid $1.50 for their hour’s participation. 
Group RP (real play) consisted of 29 Ss who were 
run individually and instructed as follows: 


After you have finished making your choices for 
all the bets, you will actually play some of the 
bets in order to determine your earnings for the 
experiment. Which bets you play and which you 
don't play will be determined by your choices. 
The experimenter will select a number of pairs 
of bets. For each pair . . . you will play the 
bet you preferred. We will give you $1.50 to 
start with. Any money you win by playing the 
bets will be added to this. Any money you lose 
will be subtracted from it. If you have average 
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— ise. io: WIN. 31.60 Lose 20: 
1 
1o 
\ 
BET з, BET Sy 
PAIR 1 WIN. 20: LOSE 10: Pam 2 WIN. 20: LOSE 20‹ 
b C i id i 
WIN 51.60  LOSE S160 WIN. 31.00 LOSE $100 
i — = ” A A 
PAIR 3 WIN 20: LOSE 20: PAIRS WIN 5100 LOSE si.00 
, c = 7 U i 
WIN 200 LOSE 31.60 WIN 20: LOSE 31.60 
"7 и с“ (9) Y 
Pam 5 WIN 20: LOSE 20: PAR € WIN 20: LOSE 20: 
i, i Ge B ЧУ (A) 


Fic. 2. Pairs of duplex gambles used to assess the relative importance 
of the four risk dimensions. 


luck you will earn about $1.80 for the experiment, 
but you may earn considerably more or con- 
siderably less than this. 


RESULTS 
The data were analyzed as follows: Di- 
mension A was considered to be more im- 


TABLE 1 


Proportion or Ss Мно WEIGHTED THE Row Di- 
MENSION МОКЕ HEAVILY THAN THE 
CoLuMN DIMENSION 


Group H Group RP 


sion | gy | Pw | Se | Pu | Sw | Pw | Su | Pr 


$ 65 | .77 | .70 41 | .52 |.55 
py, | .35 56 | 67 | .59 34 |55 
3. | 23 | -44 ‘si | (48 | .66 18 
P, 30.33 | 49 45 | 45 |52 


N ка N = 184 in Group H; N = 29 in Group RP. 
Note: = 


portant than Dimension B if S chose the bet 
that was superior on A on at least two of the 
three occasions when these two dimension? 
were pitted against one another. Table 
presents the proportion of Ss in each grouP 
for whom a particular dimension was тоге 
important than the dimension with which 1 
was matched. 

The results show very clearly the hypothe- 
sized dominance of $w in Group H—a domi- 
nance that was not present within Group RP. 
No single dimension dominated the choices 
of the latter group. Going from hypothetica 
to real-play conditions, $w lost importance 
in comparison to each of the other three 
dimensions—especially $, and Py. The dif- 
ference between the proportion of Ss in each 
group who weighted $w more than $r Wa? 
statistically significant (Z = 2.83, р < 02 
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One-tailed test) as was the difference in the 
Proportion weighting $y more than Pw (Z 
= 2.49, p < .01, one-tailed test). In addi- 
tion, real play made $1, more important with 
respect to Pw than it was under hypothetical 
Conditions( Z = 2.25, р < .05). 


Discussion 


. It is clear that the decision strategies of Ss 
її the present experiment differed depending 
on whether the gains and losses that they faced 
Were real or hypothetical. The results con- 
firmed Feather's (1959) hypothe: and are 
intuitively reasonable. When Ss were not com- 
mitted to the consequences of their actions, they 
maximized gain and discounted potential, hypo- 
thetical losses. When Ss knew they would 
actually. play some of the gambles, they were 
More cautious, preferring relatively higher Py. 
lower PV, and lower $r- А 

The results indicate the importance of com- 
mitting Ss to the consequences of their actions 
in future studies of decision making. However, 
One detail of procedure that poses a problem 
for the interpretation of the present findings is 
the fact that Ss in the real-play condition were 
told that they would be given $1.50 prior to 
Playing any “gambles. It may be that their 
behavior was aimed at protecting this initial 
bonus, and they may have acted less conserva- 
tively without it. Or, as seems more likely, 
they may have been even more conservative 
without this $1.50 to cushion their losses. This 
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problem íalls in the domain of yet another 
unstudied aspect of risk taking, viz., the effect 
of initial financial position on decisions. 
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ACQUISITION AND EXTINCTION AS A FUNCTION OF 
PROPORTION OF REINFORCEMENT IN MAGAZINE 
AND BAR-PRESS TRAINING? 


MELVIN H. MARX? 


University of Missouri 


In Exp. I, with four percentages of reinforcement used in both magazine and 
bar-press training, groups of rats given spaced (weekly) bar-press training, 
rather than massed training after the completion of magazine training, 
showed generally inferior acquisition but superior extinction performance. 
In Exp. П, a 2X 3 factorial design with magazine and bar-press reinforce- 
ment separately programmed, only the bar-press reinforcement variation 


produced reliable differences. 


In both experiments, bar-press acquisition 


showed a positive correlation with proportion of bar-press acquisition, 
whereas an inverted U function was found in extinction. 


Although the scheduling of reinforcement 
in instrumental response training has re- 
ceived much experimental and theoretical 
attention, little attention has been paid to the 
problem of scheduling reinforcement during 
the magazine training that normally pre- 
cedes instrumental response training. The 
present experiments were designed to de- 
termine the effects of such scheduling of 
reinforcement in magazine training on the 
subsequent acquisition and extinction of an 
instrumental (bar-press) response. 

A second purpose was to assess the in- 
fluence of two degrees of spacing of instru- 
mental response trials. In Exp. I, one 
group received its bar-press training at 
weekly intervals interpolated among the 10 
wk. of magazine training, whereas the other 
group received all of its bar-press training 
at the end of the magazine training when 
the response to the magazine (licking) was 
clearly asymptotic in all Ss. 


1 Тһіѕ research was supported in part by Grant 
HD-00895 from the National Institute of Child 
Health and Human Development, by Grant NSF 
GB 5853 from the National Science Foundation, 
and by United States Public Health Service Re- 
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wishes to thank Kenneth Spencer. for his careful 
collection of the data and computation of the statis- 
i lyses. 
iori for reprints should be sent to Melvin 
H. Marx, Department of Psychology, University of 
Missouri, Columbia, Missouri 65201. 


In Exp. I four proportions of reinforce- 
ment were maintained throughout magazine 
and bar-press training. In Exp. II propor- 
tion of reinforcement in these two phases was 
factorially varied, permitting the separate 
assessment of the influence of magazine re- 
inforcement variation on bar-press acquisi- 
tion and extinction. 


EXPERIMENT I 
Method 


Subjects and apparatus—The Ss were 48 young 
female albino rats of the Sprague-Dawley strain- 
Each group had 6 Ss except for one (50% гет” 
forcement, weekly training) in which 1 5 was dis- 
carded for grossly aberrant performance. The 
apparatus was the controlled operant conditioning 
boxes previously described in detail (Marx, Tom- 
baugh, Hatch, & Tombagh, 1965). 

Experimental design Тһе design was a 2x4 
factorial, with weekly (W) and asymptotic (A) 
bar-press sessions and 25%, 50%, 75%, and 100% 
reinforcement on magazine and bar-press training 
trials. 

Procedure—All Ss were placed on a 23-hr. feed- 
ing schedule 5 days before the start of the exper! 
ment. They were then randomly assigned to the 
eight groups. Magazine training was айтіпіѕѓеге 
on Monday through Thursday for 10 wk, with 
eight trials per day given at 60-sec. intervals, anc 
on Friday as well for the A groups. The Ss re- 
ceived, each day, either two, four, six, or eigh 
reinforcements (.1 ml. of 16% sucrose dissolved 17 
distilled water). Empty cups appeared on non 
reinforced trials. The reinforcement schedules wer? 
determined randomly in sets of four trials (01% 
two, three, or four reinforcements), with a differ 
ent determination used for each S on each day fot 
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the weekly sessions. The schedules were then ro- 
tated over 55 on succeeding weeks. 

The Ss assigned to the W condition received a 
maximum of 24 trials to complete a total of eight 
bar presses on each Friday for 10 wk. The bar 
Was presented at 60-sec. intervals to all eight Ss 
then in the boxes. If it was pressed within 30 
sec., it retracted and the magazine operated; if it 
Was not pressed, it retracted after 30 sec. Rein- 
forcement schedules were arranged as in the maga- 
zine trials. The Ss assigned to the A condition 
were given all of their bar-press training on suc- 
Cessive days, Monday through Friday, for 2 wk. 
immediately after completing their magazine 
sessions, 

Massed extinction trials were administered on the 
day following the completion of bar-press training 
for each group. A minimum of 50 and a maximum 
of 100 trials were given. The conditions were the 
Same as in bar-press training except that only 
empty cups appeared after bar presses. 


Results 


Acquisition—Figure 1 shows the mean 
latencies (over all training) for the bar 
presses made by the four groups in each of 
the spacing conditions. It is apparent that 
acquisition proficiency was highly correlated 
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Fic. 2. Mean latencies of licking as a function of 
reinforcement proportion in magazine training over 
blocks of 5 days (Exp. I). 


with proportion of reinforcement, especially 
for the A groups. Spacing of the trials in 
the W groups resulted in a clear inferiority 
of Ss with the lowest proportion of reinforce- 
ment (25%) but no clear differences among 
the other groups. Faster bar-press training 
by the A groups is also indicated from a com- 
parison of the curves. 

Statistical analysis of the latencies of the 
responses made in training showed that both 
the reinforcement proportion and the spacing 
variables were effective, F (3, 39) = 5.30, 
p < .01; and F (1, 39) = 14.34, р < .01, re- 
spectively. There was no interaction be- 
tween these variables (F < 1.00). 

Performance of all groups was essentially 
asymptotic and equivalent over the last half 
of training, with the mean of the W groups 
actually being slightly superior on the final 
day (1.39 vs. 1.68 sec.) for the first time. 

Figure 2 shows the improvement in lick 
latency for the four A groups over blocks of 
5 days in magazine training. Only the A 
groups were used for this analysis in order 
to eliminate the influence of interpolated bar- 
press sessions. The group differences evi- 
dent in Fig. 2 were statistically reliable, F 
(3, 20) = 5.65, p < .01, as was the Group 
x Trials interaction, F (18, 120) = 4.49, p 
< 001. It is clear that speed of magazine 
training was directly related to proportion 
of reinforcement. 

As a means of determining the influence of 


the strength of magazine training on the 


440 MELVIN 
acquisition of bar-press responding, a num- 
ber of rank-order correlations were com- 
puted. For W Ss, whose data seemed to 
be most critical on this question because of 
the regular interpolation of bar-press train- 
ing, correlations were computed between 
the rank order of mean magazine (lick 
latency) and bar-press (press latency) 
scores on successive days. That the 
magazine-licking scores made on the day 
immediately preceding a bar-press training 
day were correlated with those bar-press 
scores. All W Ss were grouped together for 
this purpose, on the assumption that if there 
was any important difference associated 
with differences in reinforcement propor- 
tion, this should be directly reflected in 
magazine latencies, as an index of the 
strength of the magazine response. Owing 
to the loss of data through recording cir- 
cuitry failure from some of the magazine 
training sessions only five correlations could 
be computed. None of these was reliably 
different from zero: one was essentially 
zero (.04), two were negative (—.13 and 
—.36), and two were positive (.15 and .30). 
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Fic. 3. Mean number of bar presses to extinction 
(five successive failures to respond) as a function 
of reinforcement proportion for weekly and 
asymptotic bar-press training (Exp. I). 
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Thus there was no evidence for a consistent 
relationship between these two measures. 

Extinction—Figure 3 shows the mean 
number of bar presses made in extinction to 
the extinction criterion of five successive 
failures to respond for the four groups of 
each spacing condition. Two features of 
the results are noteworthy: First, there was 
a reliably greater resistance to extinction 
for the W groups, F (1, 39) =3.11, p< 
.05; and second, the differences associated 
with proportion of reinforcement were also 
reliable, F (3, 39) = 3.11, p < .05. There 
was no interaction between the two variables 
СЕ < 1.00). 

The mean Баг-ргеѕѕ latency measure for 
the first 50 trials also showed a statistically 
reliable difference for type of spacing, F (1, 
39) = 6.50, р < .05, but not for proportion 
of reinforcement, F (3, 39) = 2.30, p > .05. 
The W groups pressed more quickly. 


Discussion 


The relatively poor performance of the 25% 
reinforcement groups, in extinction as well as 
acquisition, is a prominent aspect of the results. 
It may also be noted that the peak performance 
in extinction shifted from the 50% point in 
the W condition to the 75% point in the A 
condition (cf. Fig. 2). 

Perhaps the most interesting aspect of the 
results is the striking reversal of the relative 
Positions of the two types of spacing from train- 
ing to extinction. Whereas the weekly trained 
Ss were generally inferior in training (although 
reaching an equal asymptote of bar-press pet 
formance), they were generally superior in 
extinction. Their inferiority in acquisition тау 
be reasonably attributed to the lesser amount 0 
magazine training received prior to the early 
bar-press trials. Their superiority in extinction 
indicates the potency of the spacing variable: 
which has been relatively neglected within re- 
cent years; e.g., the index of the recent authori- 
tative work on human learning edited by Melton 
(1964) includes no referrals to "spaced prac- 
tice" or "distribution of practice" and only one 
referral to “intertrial interval" The present 
results suggest that more attention be paid to 
the spacing variable in research on instrumental 
response acquisition and extinction. 

These results may also be explained in terms 
of differential discrimination training and intet- 
fering-response theory. Assume that W $5 
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have been more effectively trained to discrimi- 
nate between making simply a magazine re- 
Sponse and making first a bar-press and then 
à magazine response because of the juxtaposi- 
tion of magazine and bar-press training ses- 
Sions. These Ss would then be expected, on 
the basis of an interfering-response position, to 
make more bar presses during extinction than 
A Ss because of the relatively greater elimina- 
tion during training of their magazine reponses, 
as well as to learn more slowly because of the 
Sreater conflict between magazine and bar- 
Press responses. 

While this hypothesis, theoretically attractive 
On the grounds of parsimony, cannot be 
definitely contradicted on the basis of the 
Present results, there is some indication. from 
the data that the interfering-response interpre- 
tation may not prove fruitful. This suggestion 
arises from the lack of consistently negative 
Correlations between measures of magazine and 
bar-press response strength on successive days 
in W Ss, There is thus no evidence in the 
Present experiment that strong magazine Te- 
Sponses produced poorer bar-press acquisition, 
in accordance with the interpretation outlined 
previously. If this relationship is not sup- 
Ported in subsequent research, in which it 
should be specifically investigated, there may 
be recorded another instance where interiering- 
response theory is initially attractive but does 
not stand up under experimental scrutiny (cf. 
Marx, 1963, 1966, 1967a, 1967b). 
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EXPERIMENT II 
Method 


Subjects and apparatus—The Ss were 48 fe- 
male hooded rats approximately 120 days old at the 
start of the experiment. The same apparatus was 
used as in Exp. 1. 

Experimental design.—The experiment was a 2 X 
3 factorial, with two percentages of reinforcement 
in magazine training (50% and 100%) and three 
percentages of reinforcement in bar-press training 
(25%, 50%, and 100%). 

Procedure —For pretraining, all Ss were placed 
on a 23-hr. food deprivation schedule 2 wk. prior 
to the initiation of magazine training. On each 
oi the 3 days immediately prior to magazine train- 
ing, all Ss were primed in their home cages by the 
presentation of .15 ml. of 16% sucrose. 

In magazine training, cight trials per day were 
given with the appropriate proportion of reinforce- 
ments (.15 ml. of 16% sucrose). Trials were 
spaced at 60 sec. and were continued for 4 days. 
In bar-press training, eight trials per day íor 18 
da (with Sunday rest periods) were given on 
the appropriate reinforcement schedule and the 
same sucrose incentive, Each trial was introduced 
by the appearance of the bar, which remained in 
the cage until pressed or until 55 sec. had elapsed. 


5 
An intertrial interval of 55 sec. was used. 

Massed extinction was then administered. All 
conditions were the same as for bar-press training 
except that no reinforcement was given; the empty 
magazine cycled after each bar press. A minimum 
of 120 trials and a maximum of 170 trials were 
used, with an extinction criterion of five consecutive 
failures to bar press. 


12 13 14 15 16 17 18 


DAYS 


as a function of days of training (Exp. ID. 


MEAN BARPRESS LATENCY (secs.) 


BLOCKS OF IO TRIALS 


EXTINCTION 


Fic. 5. Mean latencies of bar presses as а function 
of blocks of 10 trials in extinction (Exp. II). 


Results 


Acquisition.—Bar-press latencies ате 
shown in Fig. 4. А factorial analysis of 
variance with repeated measures was per- 
formed on these data. The only important 
finding was the reliability of the bar-press 
training percentage, F (2, 42) = 10.40, p 
< .01, and of the Bar-Press Training Per- 
centage X Trials interaction, F (16, 336) 
= 5.56, p<.0l. Neither the magazine 
variable (F = 1.54) nor the Magazine x 
Bar-Press interaction (F = 1.99) reached 
the .05 level. 

Since the  magazine-percentage factor 
seemed to have had the most effect over the 
first 10 days (cf. Fig. 4), a separate random- 
ized group analysis of variance was per- 
formed for these data. Again, there were no 
reliable differences for the magazine vari- 
able (F — 1.47) or the Magazine X Trials 
interaction. (F — 201), although the bar- 
press percentage variable was reliable, F (2, 
42) = 9.91, p < i01. 

'The magazine response strength, as mean 

by mean licking latency, was compare 
—€— 4 training days for the 50% and 
the 100% reinforcement conditions. As in 
Exp. L Ss given 10076 reinforcement were 
onsistently and reliably superior in lick 
ja ney, F (1, 46) = 4.57, р < .05. None 
of e у interactions (groups with days or 


paired trials daily) was reliable (Fs < 1.0). 
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As in Exp. 1, rank-order correlations were 
computed between mean latency scores for 
licking on the fourth day of magazine training 
and mean latency scores on both the first and 
the fourth day of bar-press training. None 
of these correlations was reliable ( —.06 
and —.10 for the 25% bar-press reinforce- 
ment Ss, 49 and .14 for the 50% Ss, and .05 
and .32 for the 100% Ss). 

Extinction.—Bar-press latency data by 
blocks of 10 trials in extinction are shown in 
Fig. 5. A factorial analysis of variance re- 
vealed that the bar-press reinforcement vari- 
able was reliable, F (2, 42) = 4.99, p « .01, 
as was the Bar-Press Reinforcement х Trials 
interaction, F (22, 462) = 1.89, р < 0l. 
The magazine reinforcement variable was 
not reliable (F — 1.01), nor was the Maga- 
zine Reinforcement X Trials interaction (F 
« 1.00). Orthogonal comparisons of the 
extinction latency data revealed that Ss 
given 50% reinforcement in bar-press train- 
ing were reliably faster than the 100% Ss, F 
(1, 42) = 9.95, p < .01, but were not reliably 
faster than Ss given 25% reinforcement. Г 
(1, 42) = 2.92, р < .05. 

An analysis of variance was also performed 
of Trials 2-11 in 2-trial blocks (excluding the 
first preextinction trial), but neither the 
magazine reinforcement nor the bar-press T€ 
inforcement variables were reliable (Fs = 
1.13 and 1.26, respectively). 

The mean number of trials to criterio? 
showed the same relationship as the latency 
data. Тһе 100% bar-press reinforcement 
groups extinguished most rapidly (96.0 trials 
for 50% magazine Ss, 83.8 trials for 100% 
magazine Ss), and the 25% bar-press rein- 
forcement groups tended to extinguish before 
the 5096 bar-press reinforcement group 
(119.3 trials for the 50% magazine Ss and 
112.1 trials for the 100% magazine Ss of the 
former groups; 131.9 trials for the 50% 
magazine Ss and 118.9 trials for the 100% 
magazine Ss of the latter groups). An 
analysis of variance on the data again showed 
the bar-press reinforcement variable to be 
reliable, F (2, 39) = 3.25, p < .05, whereas 
the magazine reinforcement variable was not 


(Е < 10). 
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Discussion 


The data of Exp. II provide no support for 
the proposition that manipulation of the per- 
centage of magazine reinforcement has an im- 
Portant effect on extinction of a bar-press re- 
Sponse subsequently acquired. The data are 
thus consistent with any theoretical interpreta- 
tion of the partial reinforcement effect that 
emphasizes the connection between the response 
Per se and some consequence of the response 
(eg. Capaldi, 1967). Some qualifications to 
this generally negative conclusion should be 
Noted: First, the present experiments each in- 
volved extended bar-press training, which may 
Well have wiped out any effects in extinction 
of the magazine reinforcement manipulation. 
It is thus possible that different results would 
be obtained with minimal bar-press training. 
Second, the magazine training trials were 
themselves also rather extended, especially in 
Exp. I. Manipulation of the degree of such 
training therefore needs to be done before any 
More general statement on the relationship 
between magazine training and extinction can 
be made because one would expect any differ- 
ences in magazine response strength resulting 
from differential reinforcement to be reduced 
às such training continues (see Fig. 2 for con- 
firmation of this expectation). 

The data confirm certain of the conclusions 
drawn from the data of Exp. L Most par- 
ticularly, they are also inconsistent with an 
interfering-response interpretation of bar-press 
acquisition and related phenomena. The cor- 
relations between magazine and bar-press re- 
Sponse strength failed to be reliable, as in Exp. 
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I. This failure of any consistent and reliable 
correlation between magazine training and bar- 
press training in both experiments is especially 
important in view of the demonstrable differ- 
ence in magazine training. These data may be 
interpreted as inconsistent with the interfering- 
response account outlined previously. 

The two experiments both showed the usual 
partial reinforcement effect as a function of 
bar-press reinforcement variation. In each 
case an inverted U relationship was observed. 
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In one experiment, Ss could choose among five gambling situations, all of zero 


expected value, but differing in probability of winning and points won. 


The 


Ss showed no preference for any one gambling situation over another. 
However when they were in the gambling situations themselves, the Ss’ 
probability of gambling varied with their probability of winning. In another 
experiment, where the five gambling situations differed in expected value, Ss 


preferred the situations with higher expected value. 


In the gambling 


situations themselves, Ss gambled continuously when the expected value was 
positive and never gambled when the expected value was negative. 


Most models of human gambling behavior 
(Edwards, 1955) describe choice among al- 
ternatives as a maximizing of subjective 
value and differ according to their methods 
of calculating subjective value from the ob- 
jective gambling situation. Such models 
have been only moderately successful. One 
difficulty with studies of gambling has been 
the lack of precision in specifying behavior 
being measured as opposed to the great pre- 
cision in specifying the objective gambling 
situation. The behavior measured has 
ranged from answering questions about im- 
aginary bets (Coombs & Pruitt, 1960) to 
running in a quarter-mile race (Cohen, 
1960) to playing a pinball machine (Littig, 
1962) to a shuffleboard game (Kogan & 
Wallach, 1964). The variety and complex- 
ity of these gambling situations allow ele- 
ments of skill to be tested, but it would be 
too much to expect that behavior in all of the 
tasks tested would conform to a single norm- 
ative model. The present experiments com- 
pared behavior in two tasks with respect to 
its variation with a number of parameters 
of a gambling situation. The S's first task 
was to choose among several gambling situa- 
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tions, and his second task was to actually 
gamble within those situations. In both 
tasks, the response of S was the same: press- 
ing a button. 

In general, the method follows that of 
Weiner (1962), who studied key pressing in 
human Ss as a function of points added 
to, and subtracted from, a visible counter: 
The present experiment modifies Weiner’s 
procedure so that the adding and subtracting 
of points can be expressed along gambling 
dimensions (probabilities of winning and los- 
ing, amounts won and lost, and expected 
values). 


EXPERIMENT I: 
CHOICE AMONG GAMBLES or Equant VALUE 


Method 


The Ss were allowed to choose among several 
gambling situations and then were forced to ©Х; 
perience the consequence of their choice for a fixe 
period of time. When choosing, 55 indicated the! 
choice by pressing one of five buttons, Whe! 
experiencing the consequences of their choice, 55 
could press only one button. However, even when 
pressing the single button, they need not have 
gambled. They could press the button merely t° 
receive information about whether they would have 
won or lost on that press. The gambling situation 
15 somewhat analogous to the roulette player's free- 
dom to gamble or not gamble on any spin of the 
wheel. The experiment contained two main modes 
of operation, called choice and gambling conditions 

Choice condition—During the choice conditio!" 
responding had no effect other than to produce 
occasionally one of five gambling conditions. The 
Ss (Harvard and Radcliffe undergraduates) 1 
cated their choices by pressing one of five illut 


ndi” 
ni- 
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nated buttons. They could press any of the five 
buttons at any rate, provided they pressed only one 
button at a time. Occasionally, a press termi- 
nated the choice condition and instated a gambling 
condition. The apparatus was programmed so that 
Presses on each of the five buttons in the choice 
condition would succeed in producing its corre- 
sponding gambling condition once every 5 min. 
on the average (concurrent VI 5 min. on each 
button). When conditions were set up so that a 
choice would succeed, they remained set up until 
that button was pressed. Meanwhile, the other 
buttons would set up, one by one. Thus when S 
did not press a button for a long period of time, he 
increased the probability that the next press of that 
button would produce the gambling condition. Un- 
der this procedure, cach of the five gambling situa- 
lons was experienced for an equal amount of time 
despite a wide range of behavior during the choice 
condition. 

‚ Gambling condition.—The presence ofa 
Situation. was indicated by a change in the color of 
ilumination of the button just pressed and a dark- 
ening of the other buttons. In the gambling condi- 
tion, as opposed to the choice condition, S was 
allowed to press only that one button. The S 
could press the button at any rate he wished. In 
addition, he could gamble or not gamble on any 
press. If he chose to gamble, a press was followed 
by subtraction of points from a visible counter (a 
loss) or addition of points (a win). If he chose 
not to gamble, wins or losses were ignaled by a 
bell or buzzer, but no points were added or sub- 
tracted. For any given button (each corresponding 
to a gambling situation), the amount won or lost by 
a press was constant, and the probability of winning 
was constant, but these values could vary from but- 
ton to button. After 1 min. in any given gambling 
situation, the gambling condition ended and the 
choice condition was automatically reinstated. 

V'ariables.—The independent variables were prob- 
abilities of winning and amount won or lost on each 
These parameters determine an overall ex- 
For Exp. I, amounts won and lost 
and probability of winning were adjusted to keep 
the expected value zero in all cases. The particu- 
lar values are indicated in Fig. l. The arrange- 
ment of the abscissa in Fig. 1 corresponds to the 
spatial arrangement of the buttons. The dependent 
variables were the choice (relative rate of re- 
pde the various buttons in the теш 
blin he relative rate of pressing 1M he gam- 
ine a The relative rate for ыа 
the Button bea ae of that button (over t Д үш 
оп {һе буе E БЕП Бу еза at Ue een 
was the percentage: Another dependent ыа : 

ien "tage of presses in the gambling con” 
dition on which S gambled (all presses need not 
have been gambles). 

During a control procedure, the gambling situa- 
tions were the same for the five buttons (probability 
of win = $, points won = 4, points lost=1). Dur- 
ing an experimental procedure, probability and 


gambling 


button. 
pected value. 
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points won differed for the five buttons, but points 
lost stayed constant. Probability and amount of 
points won were manipulated so that the expected 
value remained at zero. High probabilities of win- 
ning were accompanied by low amounts and low 
probabilities by high amounts. The Ss started each 
\-hr. session with 75 points. Since the expected 
value was zero, Ss ended with an average of 
75 points. These points were recorded and were 
convertible to cash (each point worth 16) at the 
end of the experiment (10 sessions). The 5 con- 
trol sessions were presented first and were followed 
by the 5 experimental sessions. Only 1 S out of 
10 failed to complete the experiment. The instruc- 
tions to Ss for the control procedure were as 
follows : 


There are two conditions in this experiment, 
a choice condition and a gamble condition. Dur- 
ing the choice condition, all five buttons are 
illuminated with white light. You can press any 
of the five illuminated buttons as frequently as 
you wish. Occasionally, a press on one of the 
buttons will change the condition of the experi- 
ment from choice to gamble. When this happens, 
all five white button lights will go out except the 
one just pressed. That one will turn red. No 
points are gained or lost during the choice 
condition. 

The gamble condition lasts 1 min. After 1 
min. the choice condition is automatically rein- 
stated. There are two ways to play during the 
gamble condition : 


1. You can press the gamble-no gamble switch 
so that it reads gamble. When the gamble-no 
gamble switch is on gamble, each press of the red 
button costs one point. Occasionally, however, a 
press of the red button will gain four points in- 
stead of losing one. Your score is indicated on 
the counter in the center of the upright panel. 

2. You can press the gamble-no gamble switch 
so that it reads no gamble. When the gamble-no 
gamble switch is on no gamble, presses of the red 
button do not gain or lose points. Instead, a 
press will occasionally cause a bell to ring, indi- 
cating that points would have been gained on 
that press had the gamble-no gamble switch been 
on gamble. 


Note: 

1. Press all buttons firmly in the center of the 
button. 

2. Do not press any unlit button. When a but- 

ton is unlit, presses have no effect. 

. Do not press two buttons at once. If you do, 
the experiment will automatically end and you 
will receive a zero score. 

4. If you have any questions during the experi- 
ment, press the call button on the intercom next 
to the console. 

5. You can take these instructions with you into 
the experimental chamber. 
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6. When you enter the chamber, take a seat. 
You will be given 75 points initially and then 
the experiment will begin with the choice 
condition. The entire experiment will last 
3 hr. 

7. Do you have any questions ? 


A corresponding set of instructions was used for 
each of the experimental conditions. In the ex- 
perimental conditions, the number of points won 
was indicated on the corresponding button. The 
probability of winning was not told to S. The 
experimental chamber was a well-lit, soundproof 
cubicle. It contained the experimental console with 
the buttons and an add-subtract counter, a chair, 
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responding in the choice condition as a function of 
the gambling situation, while the middle curves 
show relative rate of responding in the gambling 
condition. (The numbers at the abscissa indicate 
the values of the independent variables in the gam- 
bling condition. The rate of responding in the 
gambling condition is based on the total number of 
times S pressed the button, whether or not he chose 
to gamble on a particular press.) The bottom 
curves show the percentage of presses in the 
gambling situation that were gambles. (The dotted 
lines show the probability of a particular Press re- 
sulting in a win. The vertical lines indicate the 


25th and 75th percentiles. ) 
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and an intercom. The Æ sat outside the cubicle and 
monitored the automatic relay equipment that con- 
trolled the experiment. 


Results 


Figure 1 shows the average results for nine 
Ss. Each S had five 1-һг. sessions of the 
control procedure and five 4-hr. sessions of 
the experimental procedure. The median 
value for the last three sessions was taken for 
each S and averaged across Ss. 

The upper and middle sets of curves of 
Fig. 1 show the relative rates of responding 
(rate of pressing one button divided by the 
sum of the rates for the five buttons) during 
the choice condition (top curves) and during 
the gambling condition (middle curves). 
Since the buttons were always concurrently 
lit during the choice condition, the relative 
rate of responding on each button equals 
the relative number of responses on that but- 
ton. During the gambling condition, the 
buttons were never concurrently lit, so the 
number of responses on each button must be 
divided by the time that button was lit before 
relative rate is calculated. The higher rela- 
tive rate for the middle buttons in the choice 
condition reflects a persistent pattern of re- 
sponding. It may be caused by the scanning 
back and forth across the five buttons in the 
following order : 1234543212345—which pro- 
duces higher rates on the middle buttons. 
This pattern appeared for almost all Ss in 
all phases of the experiment, Also, the simi- 
larity between choice during the control pro- 
cedure, with equal gambling situations on 
the five buttons, and choice during the ex- 
perimental procedure, with different gam- 
bling situations on the five buttons, was 
present in all Ss. These curves show ПО 
effect of probability of winning or amount 
won on rate of responding in either choice 
or gambling condition. The absolute rate of 
responding in the gambling condition aver- 
aged 59.6 responses per minute and was 
fairly constant throughout the experiment. 

The curves at the bottom of Fig. 1 show 
the percentage of times Ss gambled during 
each gambling situation, The height of the 
curves varies considerably from 5 to S. For 
the control procedure, for instance, one 5 
gambled оп 95-100% of his presses on all 
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five buttons. Another S gambled on only 
5-10% of his presses. However, the curve 
for each S was horizontal for the control pro- 
cedure and sloped upward for the experi- 
mental procedure. The dotted lines indicate 
the probabilities of winning. The probabil- 
ities of gambling follow the variation of the 
Probabilities of winning, but on the average 
are somewhat higher. 

These results indicate that Ss were indif- 
ferent in their choice of gambling situations 
and responded at equal rates during all 
gambling situations, but the percentage of 
responses on which they gambled correlated 
with the probability of winning. 


EXPERIMENT II: 


CHOICE AMONG GAMBLES OF DIFFERENT 
EXPECTED VALUES 


In Exp. I when probability varied in- 
versely with amount won, percentage of 
gambling was proportional to probability. 
There is no way to tell from Exp. I whether 
the variation found in percentage of gam- 
bling was due to the variations in probability 
or to the inverse variations of amount won. 
The purpose of the present experiment was 
to see whether percentage of gambling 
would vary with either probability or amount 
won while the other was held constant. In 
the present experiment, one of the two pa- 
rameters, probability or amount won, varied 
from button to button, but the other param- 
eter remained constant. Since only one of 
these parameters varied, expected value 
varied with it. That is, as probability of 
winning increased, expected value increased 
provided amount won remained constant. 
Similarly, as amount won increased, ex- 
pected value increased provided probability 
remained constant. 


Method 


The а M 
new Bs Wm E was the same as in Exp. 1. Ten 
АП IO S Selected from the same population. 

> Completed t i тї were 
run under tl the experiment. They 
a control aree procedures in the following order: 
а c i rol procedure identical to that of ESP- 
an experimental procedure where amount won On 
any given gamble Was equal for the five buttons, 
but probability and expected value varied; and 
another experimental procedure where probability 
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was equal for the five buttons, but amount won and 
expected value varied. The values of these vari- 
ables are indicated in Fig. 2. 


Results 


Results for the 10 Ss were averaged as in 
Exp. I. Figure 2 (top and middle curves) 
shows that rate of responses in both choice 
and gambling conditions varies with expected 
value. For both experimental procedures, 
Ss chose the higher expected values more 
frequently and, once in the gambling condi- 
tion, pressed the buttons more rapidly when 
the expected value was positive. For all 
three procedures, the hump-shaped choice 
curve remains superimposed on a basically 
linear variation of choice across the buttons. 
If the difference in patterns of responding ob- 
served in the control procedure is corrected 
for in the two experimental procedures, the 
choice and gambling condition curves would 
be virtually superimposed. Note that the 
variation in rate in both choice and gambling 
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Fic. 2. Plots of relative rate of responding and 
probability of gambling as a function of experi- 
mental procedures. (The points for this figure 
were determined in the same way as those for 
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conditions shows no discontinuity as ex- 
pected value ranges from negative values, 
through zero, to positive values. | 

In the first experimental condition, 8 of the 
10 Ss increased in choice in the direction 
shown, and 9 of the 10 Ss increased in rela- 
tive rate of responding in the direction 
shown. In the second experimental condi- 
tion, the corresponding proportions were 7 
of 10 for choice and 10 of 10 for rate of 
responding. The average curves are repre- 
sentative of individual 55 only in a qualita- 
tive way. The range of ordinate values 
varied from zero for those Ss showing no 
effect to 70% for those showing large ef- 
fects. No S varied by more than five per- 
centage points in a direction opposite to that 
shown in the average curves. 

Figure 2 (bottom) shows percentage of 
gambling in the gambling condition. In the 
control procedure, the percentage of gambling 
was quite a bit higher (around 55%) than 
for the identical procedure of Exp. I (around 
35%). However, the horizontal slope re- 
mains on the average and for all individual 
$s. Note that the percentage of gambling 
no longer follows probability of winning, but 
is a discontinuous function of expected value, 
For positive expected values, 55 always gam- 
ble no matter what the probability or amount 
won. For negative expected values, Ss never 
gamble no matter what the probability or 
amount won. For zero expected value, Ss 
behave as they did in Exp. I, gambling on a 
percentage of their presses somewhat higher 
than the probability of winning. 


Discussion 


One fact that emerges from the present ex- 
periments is that the percentage of times S 
gambles is not a reliable indication of his pref- 
erence for that gamble. Experiment I shows 
that S may be indifferent between two gambling 
situations, in one of which he gambles fre- 
quently and in the other of which he gambles 
infrequently. Perhaps some of the differences 
found between questionnaires and performance 
measures in previous studies (Kogan & Wal- 
lach, 1964) reflect the difference found here 
between choice and performance. 

The similarity of the curves in the two ex- 
perimental conditions of Exp. II is evidence 
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that expected value determined both choice and 
relative rate of responding. Either amount 
won or probability of winning could be held 
constant without causing any of the dependent- 
variable curves to become horizontal as long as 
the expected value varied. Another parameter 
that has been shown to have an effect on choice 
of various gambling situations is the variance 
of the gamble (Coombs & Pruitt, 1960). How- 
ever, in the present experiments, variance had 
no consistent effect on either choice or gam- 
bling. In Exp. I, variance increased along 
with points won. In Exp. II (as indicated in 
Fig. 2), variance increased in both experimental 
procedures along with expected value. If vari- 
ance had an effect on choice, one would expect 
choice to increase in Exp. I for the higher 
amounts won. The evidence of these experi 
ments is that expected value, rather than vari 
ance, determined choice, However, this evi- 
dence is not conclusive since none of the present 
procedures contained different expected values 
while keeping variance constant. Also, idio- 
Syncratic preferences for different variances 
could not be determined because different groups 
Of Ss were used for Exp. I and II. All that 
can be said of individual Ss is that по § demon- 
strated preferences for any of the conditions O 
Exp. I despite different variances, while most 
Ss in Exp. II preferred those gambles of higher 
expected value and higher variance. The hump- 
shaped preference curves of Fig. 2 seem to be 
an artifact of response patterning in the choice 
condition rather than preference for medium 
expected values or variances, 

A hierarchy of factors determines percentage 
of gambling. When expected values of various 
gambles are zero, Ss tend to exceed the prob- 
ability of winning in their probability of gam- 
bling by a fairly constant amount as probability 
of winning varies, This result appears for а 
procedures of Exp. I, in the control procedure 
of Exp. II, and in both experimental procedures 
of Exp. II at the points where expected value 
However, as soon as expected value 


Was zero. 
diverged from zero, probability of winning nO 
longer determined probability of betting, bat 
expected value did, Ss betting all the time when 
expected value was positive and never betting 
when expected value was negative. 

Previous experiments (Kogan & Wallach, 
1967) have shown that many factors may influ- 
ence risk-taking behavior (personality, s€% 
skill involved, motivational state, etc.). It !5 
possible that some of these factors influence 
choice in gambling situations, while others in^ 
fluence performance. The present experiments 
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Provide a method of discriminating between 
these two effects within a single context. 


REFERENCES 


Conex, J. Chance, skill and luck. 
Penguin Press, 1960. 

Соомвз, C H, & Pruitt, D. G. Components of 
risk in decision making: Probability and vari- 
ance preferences. Journal of Experimental Psy- 
chology, 1960, 60, 265-277. 

Epwanps, W. The prediction of decisions among 
bets. Journal of Experimental Psychology, 1955, 
51, 201-214. 


Baltimore: 


449 


Kocan, N., & WarLacu, M. A. Risk taking: A 
study in cognition and personality. New York: 
Holt, Rinehart & Winston, 1964. 

Kocan, N., & Wattacu, M. A. Risk taking as a 
function of the situation, the person, and the 
group. In, New directions in psychology: III. 
New York: Holt, Rinehart & Winston, 1967. 

Lirtic, L. W. Effects of skill and chance orienta- 
tions on probability preferences. Psychological 
Reports, 1962, 10, 67-70. 

Werner, Н. Some effects of response cost upon 
human operant behavior. Journal of the Experi- 
mental Analysis of Behavior, 1962, 5, 201-208. 


(Received July 27, 1968) 


Journal of Experimental Psychology 
1969, Vol. 80, No. 3, 450-454 


EFFECTS OF PRETRAINING AND STIMULUS COMPOSITION 
ON RULE LEARNING* 


PEDER J. JOHNSON ? Ax» КОСЕК Н. WHITE, Jr.* 


University of New Mexico 


An expe 


riment was conducted to determine how increasing the proportion 


oi instances which contain both relevant attributes [P (TT)] and decreasing 
the proportion of instances which contain neither attribute [P(FF)] facili- 


tated biconditional rule learning (RL). 
ed a biconditional problem with P(TT) equal to either .2 or 8 
It was found that pretraining with 1.0(TT) and 


present 
of the positive instances. 


Ninety-six college students were 


0.0(FF) facilitated subsequent biconditional RL, suggesting that a general 
code for FF instances had not been acquired and was not necessary when 
transferred to a biconditional problem containing .SS(TT). A test phase 
containing new FF instances provided additional support that Ss do not 
actually learn the biconditional rule in the sense of acquiring a general 
code for FF stimuli when P(TT) is increased to .8. 


Several experiments (e.g., Bourne & Guy, 
1968a, 1968b; Hovland & Weiss, 1953) in- 
vestigating the use of positive vs. negative 
instances in conceptual tasks involving the 
conjunctive rule have found that Ss are less 
able to use negative instances. Haygood and 
Devine (1967) have noted that a special fea- 
ture of the conjunctive rule is that both rele- 
vant attributes must be present for a stimulus 
to be a positive instance. The conjunctive 
rule may be contrasted with the disjunctive, 
conditional, or biconditional rules where both 
relevant attributes need not be present for 
an instance to be positive (Haygood & 
Bourne, 1965). For example, in the bicon- 
ditional rule (if A. then B and if B, then A) 
all classes of stimuli where both attributes 
are present ( denoted TT) and where neither 
attribute is present (denoted FF) are posi- 
tive instances. The two classes of stimuli 
where only one or the other is present (TF 
and FT) represent all of the negative in- 
stances. Because of this special feature of 
the conjunctive rule, any increase in the pro- 
portion of positive instances [P(+)] was 


1 This research was supported by National Insti- 
tute of Child Health and Human Development 
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e Sow at the University of Colorado. 


directly correlated with an increase iM 
P(TT). Investigating the disjunctive and 
hiconditional rules, Haygood and Devine 
found that with P(TT) held constant, in- 
creases in P(+) had no effect on concept 
learning, but increasing the P(TT) from -^ 
to .8 of the positive instances while holding 
P (4-) constant at .5 had a significant facili- 
tating effect. 

Of particular interest was the finding that 
increased P(TT) facilitated rule-learning 
(RL) performance, an instructional condi- 
tion where Ss are told the relevant attribute? 
and only have to learn the rule which com 
bines the relevant attributes to define the 
positive class of instances. Haygood a” 
Devine* found that this effect was largely 
confined to the biconditional rule. Previous 
research investigating — biconditional RL 
(Bourne & Guy, 19683; Haygood & Bourne: 
1965) has demonstrated that the greatest 
proportion of errors is made to FF instances. 
Therefore, increasing P(TT) to 8 ° 
the positive instances and decreasing the pt” 
portion of FF instances to .2 could conceiV- 
ably reduce the number of errors, but 
would be expected to increase the trials t° 
criterion. However, inspection of trials data 
provided by Haygood (see Footnote 4) ™ 
vealed the same trend as was observed wit 
the error data. 


4 — с 
К. С. Haygood, personal communication, Jt" 


29, 1967. 
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A possible explanation for this unexpected 
finding was that with the infrequent oc- 
currence of FF instances (.1 of all instances 
on the average), Ss learned a simpler rule— 
TT positive and TF, FT negative (hereafter 
referred to as the modified conjunctive)— 
and eventually were able to obtain a sufficient 
number of FF instances correct either by 
chance or a restricted code to meet criterion 
requirements. For the previous explanation 
to be tenable it should be possible to facilitate 
performance on the biconditional rule by 
pretraining Ss on the modified conjunctive 
where P(TT) has been extended from .8 to 
1.0 of the positive instances. To test this 
hypothesis, different degrees of training were 
presented on the modified conjunctive prior 
to transfer to a biconditional rule with 
P(TT) equal to 2 or 8. 

Hunt (1962) has noted that each con- 
ceptual rule has a complement, or a “mirror 
image,” which differs from the original rule 
in that the positive and negative instances are 
reversed. The exclusive disjunctive (TF 
and FT positive) is the complement of the 
biconditional. Haygood and Devine ( 1967) 
speculated that in a rule where TT instances 
are negative an increase in negative instances 
could facilitate RL. However if Ss focus 
only on positive instances, changes in the 
composition of the negative class would have 
no effect on performance. To determine if 
Ss were focusing on positive instances, the 
exclusive disjunctive rule was also investi- 
gated. 

Finally to provide some test of the hy- 
pothesis that Ss reached criterion to the 
biconditional rule without actually acquiring 
a general classification code for FF instances, 
a test phase was introduced subsequent to 
criterion. In the test phase four FF in- 
stances not previously presented were shown 
to S for classification without feedback. If 
a general code of the nature “neither A nor 
жоо used to code FF instances, then 

performance would be expected on 
the test phase. It was predicted that in- 
creased P(TT), leading to decreased 
2 (ЕЕ), would result in a restricted code 
for FF instances involving the precise values 


responded to and lead to incorrect classifica- 


tion of FF instances presented during test 
phase. 


METHOD 


Subjects—The Ss were 103 introductory psy- 
chology students participating to earn experimental 
credits. Three Ss were eliminated for failure to 
meet criterion on the pretraining phase, and 4 more 
were lost because of apparatus failure. The re- 
maining 96 Ss were randomly assigned to eight 
experimental conditions. 

Stimuli Тһе same stimuli used in the Haygood 
and Devine (1967) experiment were used in the 
present study. The geometric patterns varied on 
four ternary value dimensions: size (large, me- 
dium, or small); color (red, yellow, or blue) ; 
form (triangle, square, or hexagon) ; and number 
(one, two, or three figures in each pattern), The 
stimuli were arranged randomly with the restric- 
tions that .5 were positive instances and either 2 
or .8 of the positive instances were TT. In the 
pretraining phase the TT, TF, and FT instances 
were each 33% of the total. 

Procedure and apparatus—The stimuli were 
rear-projected through a 12X16 in. translucent 
screen. Each stimulus remained on the screen 
until S responded by pointing to a card marked 
“YES” or “NO,” at which time the projector was 
advanced to a blank slide and feedback was pro- 
vided by E verbally (“right” or "wrong"). Fol- 
lowing a 6-sec. postfeedback interval, the projector 
advanced to the next stimulus. 

In the pretraining phase Ss were presented p is ie 
TF, and FT instances with TT positive for those 
Ss transferring to the biconditional rule and TF, 
FT positive for Ss transferring to the exclusive 
disjunctive rule. Criterion was either 16 or ‚25 
consecutive correct responses to the pretraining 
problem before transferring to the RL phase. A 
third group began immediately on the RL without 
pretraining. 

Standard RL instructions were employed (Hay- 
good & Bourne, 1965) in which Ss were told the 
relevant attributes and that the presence or absence 
of these values would help them to learn, Cards 
displaying the names of the relevant attributes 
were left available throughout the conceptual task 
as areminder. The relevant attributes were three- 
large for half of the Ss and blue-triangle for re- 
maining Ss. Criterion to the RL phase was 16 
consecutive correct responses. Those Ss not reach- 
ing criterion in 132 trials were given a trials score 
of 132. 

Following the RL phase, Ss were immediately 
presented four successive FF instances not previ- 
ously presented. These instances were presented on 
5x8 in. cards and Ss were told to classify them 
on the same basis they had learned the previous 
problem. 

Design.—A 3X2X2X2 factorial design was 
used with three levels of pretraining on the modi- 
fied conjunctive (0, 16, and 25 criterion trials), 
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two levels of P(TT) within positive category (.2 
ог .8), two rules (biconditional or exclusive dis- 
junction), and two problems (three-large or blue- 
triangle as relevant attributes). 


RESULTS 


Both errors and trials data were analyzed 
since differential predictions were made for 
some comparisons. In the pretraining phase 
only the rule variable showed an effect for 
errors, F (1, 56) = 18.33, р < .01, and for 
trials, Р (1, 56) 27.10, p<.025. The 
mean errors and trials to criterion for classi- 
fying TT positive were 1.78 and 6,00. re- 
spectively, while classifying TF and FT as 
positive resulted in 5.56 mean errors and 
17.96 mean trials to criterion. 

The rule acquisition data are presented in 
Fig. 1. Increased P(TT) reduced mean 
errors over all conditions, F (1, 72) = 9.19, 
p < .01, but had no reliable effect on mean 
trials, F (1, 72) < 1.0. Considering only 
the 0 pretraining condition on the bicondi- 
tional rule, which is a partial replication of 
the Haygood and Devine (1967) experiment, 
a planned comparison showed that while 
fewer errors were made in the .8(TT) than 
the .2(TT) condition, t (72) = 227, p< 
.05, there was some tendency for a greater 
number of mean trials, £ (72) = 1.32, p < 
ЛО. А planned-comparisons test was also 

performed on the 0 pretraining condition for 
the exclusive disjunctive rule to test the 
prediction that P(TT) would not effect per- 
formance when TF and FT instances were 
positive. Neither errors, ¢ (72) = .36, nor 
trials, / (72) = .31, analyses were significant. 


The exclusive disjunctive rule was less diffi- 
cult to learn than the biconditional for both 
errors, F (1, 72) — 544, p « 025, and 
trials, F (1, 72) = 641, p < .025, 
, Pretraining resulted in a general reduction 
m errors, F (2, 72) = 8.55, p < O01, but 
pretraining only marginally effected trials 
performance, F (2, 72) —274, p< 10. 
The facilitating effects of pretraining ap- 
peared to occur primarily with the bicondi- 
tional rule, as reflected by the marginally 
significant Rule x Pretraining interaction 
effects for errors, F (2, 72) — 2.90, p < .10, 
and for trials, F (2, 72) 22.3, P « 10. 
The three-large problem was more difficult 
than blue-triangle, but only for the errors 
analysis, F (1, 72) — 5.07, р <.05. The 
problem effect interacted with pretraining 
for errors and trials, F (2, 72) = 10.25 and 
6.35, p < .01, respectively. The interaction 
appeared to result from a reduction in the 
difficulty of the three-large problems with 
pretraining, The effect was particularly 
strong in the .S(TT) condition resulting in 
a Rule x Pretraining x P(TT) interaction, 
significant for errors only, F (2, 72) = 4.09, 
Р = 025. Finally, there was a Rule x Pre- 
training X Problem interaction, also signifi- 
cant only for errors, F (2, 72) = 4.39, p< 
025. This effect was largely an artifact of 
the extreme difficulty of the three-large 
problem with no pretraining in the exclusive 
disjunctive. Because of the high mean value 
in this one experimental condition, there ap- 
peared to be a pretraining effect with three— 
large which was not evident for blue-triangle. 
Apparently the pretraining aided discrimi- 
nation of large, medium, and small on the 
size dimension. 


TABLE 1 


FREQUENCY or Ss PASSING ALL Four TEST 
PRESENTATIONS OF FF INSTANCES 


Pretraining 


Rule 0 | aec 

0 16 25 Total 

Biconditional 2 4/7 | 3/7 | 6/7 | 13/21 
8 | 0/6 | 1/6 | 1/6 | 2/18 


Exclusive | 
disjunctive | 4/6 | 3/6 | 4/6 


8/8 | 2/7 | 1/6 


бою 


PRETRAINING AND STIMULI IN RULE LEARNING 


Performance on the four FF instances in 
the test phase was scored as either pass (zero 
errors) or fail (one ог more errors). These 
data, collapsed across problems, are pre- 
sented in Table 1. Because of experimenter 
error, some of the initial Ss were not run on 
the test phase, and as a result there are six or 
Seven observations in each cell instead of 
eight. A 2 x 2 chi-square analysis of the bi- 
conditional data revealed that decreased 
P(TT) was related to improved perform- 
ance on the FF test instances, x? = 11.30, ^ 
X 0l. A second analysis performed on the 
Same data for only the O pretraining condi- 
tion showed the same relationship to hold, 
Fisher exact р = 05. Analysis of the ex- 
clusive disjunctive data indicated that test 
Performance was unrelated to P(TT) dur- 
ing RL, ж С0):= 10. Test performance 
Was also analyzed in terms of pretraining 
With the 16- and 25-criterion-trial conditions 
collapsed into a single category. Pretraining 
Was unrelated to test performance in the bi- 
conditional rule, x? (1) < 1.0; but in the ex- 
clusive disjunctive rule, pretraining was re- 
lated to inferior performance, x? (1) — 7.62, 
5 < .01. 


DISCUSSION 


The present experiment found, as did Hay- 
good and Devine (1967), that increasing 
P(TT) led to a reduction in mean errors in 
learning the biconditional rule. However, un- 
like Haygood and Devine’s findings. there was 
no reduction in mean trials to criterion and 
some evidence for an increase in trials. Previ- 
ous experiments (Bourne & Guy, 1968a; 
Haygood & Bourne, 1965) investigating the 
biconditional rule have demonstrated that the 
greatest number of errors is associated with the 
Classification of FF instances. Therefore, any 
reduction in the relative frequency of FF in- 
Stances should reduce the number of errors and 
М the same time delay acquisition as reflected 

=н greater total number of trials to criterion. 
" aM hypothesis concerned the possibil- 

y that changes in the composition of stimuli 
not only affected асай: but шау 
have aff acquisition rate, bu ау 

affected what w; M 
specifically, it w аѕ actually learned. ore 
P(FF) to 1 was hypothesized that reducing 

( ) to 2 of the ositi * ly 
1 А Positive instances апі only 
-l of all instances may : 

Tant Y have induced Ss to 

earn a type of modified А : К 

Positive and TF, FT ыш with ET 
? negative. This strategy 
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would enable Ss to obtain 90°% correct re- 
sponding even if all FF instances were mis- 
classified. Eventually a sufficient number of 
FF instances could be correctly classified 
either by chance or by some relatively re- 
stricted code that could not be generalized to 
the complete class of FF instances. For this 
hypothesis to remain tenable it was necessary to 
demonstrate that the modified conjunctive 
could be transferred to the biconditional rule 
and in particular to the .S(TT) condition. 
The results showed that performance on the 
biconditional rule was facilitated in both .8 and 
.2(TT) conditions by pretraining on the modi- 
fied conjunctive. This finding demonstrates 
that it was at least possible for the nonpre- 
trained Ss in the .S(TT) conditions of the 
Haygood and Devine (1967) experiment to 
have used the modified conjunctive in meeting 
criterion on the biconditional. 

The test phase results indicated that the vast 
majority of Ss who met criterion on the bi- 
conditional rule in the .S(TT) condition had 
not acquired a general FF code and in this 
sense had not actually learned the biconditional 
rule. It appears very likely that Ss in the 
(TT) condition learned the modified conjunc- 
tive rule "with exceptions." The most im- 
portant conclusion to be drawn from this find- 
ing is that meeting criterion to the bicondi- 
tional rule does not necessarily imply that Ss 
have indeed learned the biconditional rule. 
Shepard. Hovland, and Jenkins (1961) re- 
ported a similar finding with tasks involving 
complex three-dimensional rules, which many 
Ss appeared to solve as a "single dimension 
with exceptions." 

On the basis of the test phase results, most 
Ss in the .2( TT) biconditional problem learned 
a general code for FF instances and in this 
sense actually learned the biconditional rule. 
Finding that pretraining facilitated subsequent 
biconditional RL in this condition is somewhat 
surprising when viewed in the light of recent 
interrule transfer findings. Bourne and Guy 
(19683) found no evidence that extended 
practice on the conjunctive rule facili- 
tated performance on the biconditional rule. 
The only difference between the modified con- 
junctive and the conjunctive rule is the absence 
of FF instances in the case of the modified con- 
junctive. In the present experiment it was 
noted that nearly all Ss classified FF instances 
as negative on initial transfer trials. i.e., they 
initially tried the conjunctive rule. While there 
existed certain procedural differences between 
the two studies which may account for the con- 
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trary findings, it is possible that FF instances 
can more easily be isolated if they are the only 
class of stimuli not previously presented. 

Exclusive disjunctive RL with 0 pretraining 
was unaffected by P(TT). It had been rea- 
soned by Haygood and Devine (1967) that if 
performance is facilitated by increasing P(TT), 
then it is possible in rules such as the exclusive 
disjunctive where TT instances are negative 
that increases in the proportion of negative 
instances should facilitate RL performance. 
The results showed that exclusive disjunctive 
RL performance was unaffected by P(TT), 
indicating that Ss were using a positive focus- 
ing strategy and not attending to the composi- 
tion of stimuli assigned to the negative response 
class. 

While pretraining did not facilitate learning 
the exclusive disjunctive rule, it had a pro- 
nounced effect in impairing performance in the 
8(TT) condition. It is possible that in pre- 
training, where TT stimuli are the only class 
of negative stimuli, Ss begin to focus on the TT 
instances and in effect learn the modified con- 
junctive rule. This explanation appears most 
appropriate in an RL task where Ss are in- 
structed to watch TT instances. If the modified 
conjunctive rule learned in pretraining was 
transferred to the exclusive disjunctive rule, 
Ss’ performance in test phase should be com- 
parable to the analogous biconditional groups. 
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The similar inferior performance in test phase 
on the biconditional and exclusive disjunctive 
rules with .8(TT) supports the argument that 
pretraining with TF and FT positive and TT 
negative induced Ss to use a negative focusing 
strategy. 
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COMPREHENSION AND RECALL OF SENTENCES? 


SAMUEL A. BOBROW? лхо GORDON Н. BOWER 
Stanford University 


Preliminary experiments showed that Ss better recall a noun pair if they 
generate their own linking sentence for the pair than if they merely read an 
equivalent linking sentence. Initial attempts to explain this effect in terms 
of memory search activities or idiosyncratically high-associative mediators 


proved unproductive in later experiments reported here. 


The hypothesis was 


then offered that the generate vs. read conditions differ in comprehension of 


the sentences and that comprehension aids retention. 


Subsequent experi- 


ments on incidental learning showed that recall is excellent when S is set to 


process a sentence in different ways desi 
meaning, whereas equivalent exposure 


gned to promote comprehension of its 
to or mouthing of the words in 


control sentences without comprehension produces relatively little recall. 


The following experiments are concerned 
with the facilitation of paired-associate learn- 
ing produced by embedding each word pair 
in а sentence, Rohwer (1966) found that 
an S who hears a linking sentence such as 
“The COW chased the BALL” will recall 
the COW-BALL pair better than a control 
S who simply studied the pair without a 
sentence context. In repeating some of 
Rohwer’s paradigms, another phenomenon 
was uncovered which led into the pres- 
ent experimental series. The phenomenon 
is that Ss better remembered noun pairs 
embedded in sentences they generated than 
they did pairs embedded in sentences E gave 
them. At the time of study or input, Ss in 
the read condition read aloud a presented 
sentence (e.g. The COW chased the 
BALL), whereas those in the generation 
condition saw the pair COW-BALL and 
had to make up and say aloud a linking 
Although input times were con- 
trolled, later recall ( of BALL when cued 
with COW) was about 25-30% higher in 
the generation condition. This result is quite 
reliable, having been replicated several times 
in the experiments reported subsequently. 

Why does generating a linking sentence 


sentence. 
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author. 
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facilitate noun-noun recall more than does 
reading a similar linking sentence? Two 
hypotheses were considered initially. The 
first hypothesis presupposes that the second 
(object) noun, Ne, can be recalled either di- 
rectly to the cue of the first (subject) noun, 
Nj, or failing that, № may occur via a 
mediate association from №; to the verb con- 
nective, V, and thence from V to Ns. The 
diagram in Fig. 1 illustrates the general 
idea, with associations labeled a, b, c. In- 
terpreting the associative connections as 
probabilities, the probability of Ns recall to 
an №, cue is c + (1 — c)ab, the two terms 
representing the direct link and the mediate 
association route, respectively. 

With this as background, the first hypothe- 
sis to explain the advantage of self-generated 
sentences (which were mostly of the Ni-V- 
Ne sort) is that S selects an idiosyncratically 
high-associative mediator, V, one which is 
his personal maximum in terms of associating 
№; and №. On this view, S recalls N» to 
№, better because his selected V on the aver- 
age has higher a and b associations than does 
the V which E selected for him. 

The second hypothesis supposes that the 
generation advantage is in some way related 
to the cognitive activity engendered by such 
pairs at input, rather than to the idiosyn- 
cratic result (V) of that activity. Several 
possibilities may be considered here: One is 
that the act of successfully searching for a 
sensible connective to link №; to № parallels 
or is equivalent to the process of constructing 
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(V) 


/ N 


Nite > № 


Fic. 1. Diagram of association model for sentences. 


a scheme for retrieving N» from memory 
when given №; a second possibility is that 
the active engagement of S at input of such 
pairs enhances attention or motivation for 
learning more than occurs when S reads off 
a sentence. 

These two hypotheses are differentiated by 
an emphasis on process vs. content, the 
successful search activity itself vs. the idio- 
syncratic outcome (i.e., a high-associative 
V) of that search. To differentiate these 
ideas experimentally, one would like to have 
a method which engages S in somewhat the 
same kind of memory search for a linking 
connective verb, but yet one for which E 
has determined in advance precisely what 
verb will be retrieved by the search. The 
method used in Exp. Ia was an attempt to 
achieve part of these aims. After first learn- 
ing a set of number-verb pairs (e.g., 7- 
chased), Ss in a later noun-pair learning 
task were presented with some noun pairs 
with a middle number (eg. COW-7- 
BALL). For such pairs, they were to refer 
the number to their memory, retrieve the 
associated verb, and then make up a sentence 
linking the two nouns with this verb (e.g., 


7-chased, and “The COW chased the 
BALI? Je The question was whether this 
memory search activity (with outcome 


determined) would produce facilitation of 
N,-No learning equal to that achieved by 
generating one's own linking sentence. Ex- 
periment Ib was similar to Ia, but included a 
control for familiarization of the mediating 
Exp. Ic altered the nature of the 
at the time of pair input in 


verbs ; 
memory scarch 
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order to test an associative mediation ac- 
count of the results of Exp. Іа. 


EXPERIMENT І 
Method 


Experiment Ia.—The aim was to compare cued 
recall of Ni-Nz pairs input when one of three 
activities was required of S: (a) when presented 
with a pair, to make up and say a linking sentence 
—the generate condition; (b) when presented with 
a linking sentence, to read it aloud and study it— 
the read condition; or (c) when presented with a 
Ni-Z-N: triple, to retrieve the verb associated with 
the number and say a sentence using that verb to 
link № and N.—the number condition. There were 
15 items of each type, randomized in a mixed list 
and presented once each for 7 sec. on a memory 
drum. Instructions informed Ss of the activity 
required for the three types of presentations and 
the nature of the impending recall test, After 
one study trial on the list, recall of № to the № 
cues was tested at а 7-sec. rate without feedback, 
with items tested in the same order as they had 
been presented. The 45 pairs were unrelated con- 
crete nouns, and the sentences presented were 
sensible declaratives of the following form: article, 
noun, verb, article, noun; with the nouns in all 
capital letters. The assignment of particular noun 
pairs to the three presentation conditions was coun- 
terbalanced over Ss. 

The S first learned a list of 15 number-verb 
pairs. The cues were the numbers 1-15, and the 
response terms were the appropriate verbs that 
would be used in the Ni-£-N: items of S's second 
list. Learning was by the anticipation method at 4 
3:3 sec. rate to a criterion of one perfect recitation 
plus three overlearning trials. After learning the 
number-verb list, S received instructions and then 
learned the noun-pair list. Тһе Ss were 
paid Stanford University students attending sum- 
mer sessions. В 

Experiment Ib.—In Exp. Та, the verbs S used in 
linking the number items had been prefamili- 
arized by prior learning, so differential availability 
of the mediating verbs might have caused differen- 
tial recall of the number vs. the read items. Ex- 
periment Ib replicated the read and number condi- 
tions, but used prefamiliarized verbs in both cases. 
The Ss first learned 16 number-verb pairs as 1 
Exp. Та. In the noun-pair learning which followed, 
8 of these verbs were used in Ni-#-Ne items an 
8 appeared as the verbs in read sentences. The list 
had 24 other filler items, half of them sentences 
which were testing auxiliary hypotheses of no con- 
cern here. Other procedural details were identical 
to those of Exp. Ia except for the input list being 
40 pairs long. The Ss were 20 introductory PSY~ 
chology students. 

Experiment Ic.—This study was done to test the 
idea that the number items of Exp. Ih benefited і" 
part because the Ni-#-N» complex at input mace 
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possible some learning of Ni-#-N: associations, 
and these would supplement the sentence associative 
structures of Fig. 1 to aid recall of №. to №. To 
this end, the Ny-#-N: triples of Exp. la were re- 
placed by Ni-Verb-Ns triples. For such items, S 
had to say the number associated with the verb, 
then say a sentence using that verb to link №, and 
Ns In terms of the associative mediation model, 
this verb-number condition should be similar to the 
prior number condition since the number is being 
emitted in the context of stimulation by N: and №; 
hence, some N,-#-Nz associations should be formed 
to aid recall of Nz to the № cue. The procedure 
in Exp. Ic was identical to that of Exp. Ia except 
for the aforementioned change in items. The Ss 
Were nine paid university students. 


Results and Discussion 


Experiment Ia.—Pooling data over the 24 
Ss X 15 items in each condition, the mean 
percentages of correct recall were read, 29% ; 
number, 39% ; generate, 58%. These means 
differ significantly, F (2, 46) = 20.9, p< 
001. Newman-Keuls gap tests detect sig- 
nificant differences in all pairwise compari- 
sons, For the number condition, there were 
9% failures to recall the verb to the number 
during the time N,-£-N» was presented, so 
in these cases, S failed to come up with a 
linking sentence. Recall in these cases was 
only 13%, considerably poorer than for the 
other number items for which S came up 
with the linking sentence. 

Since the generate items for some Ss were 
the read items for other Ss, those cases were 
considered in which S generated a sentence 
identical to that which other Ss read. There 
were 40 such coincidences in the generate 
condition, which yielded a recall of 6896 com- 
pared to 2696 for the same items by read Ss 


(р < 001). Thus, recall of generate items 


exceeded that of read items even when the 
as that read. 


Sentence generated was the same : 
The main result of Exp. Ia is that recall of 
number items was intermediate between the 
generate and read items. A search for dif- 
ай Ta of errors in the three condi- 
witing ш оша since the aves 
ни portion (86%) of failures were 
ent oy s experiment con- 
i arization of the verbs 
used in the read and number condition on 
the grounds that differential availability of 


the mediating verb may have produced the 
number vs. read recall difference in Exp. Ia. 
The results discount this argument. In Exp. 
Ib, Ss recalled 5896 correct with the number 
items vs. 35% with the read items, ¢ (19) = 
4.28, р < .001. Since the linking verbs were 
equally familiarized for these two cases, the 
recall advantage of number over read items 
cannot be explained in terms of differential 
verb familiarity. 

Experiment Ic.—Mean correct recall per- 
centages were generate, 55%; read, 37%; 
verb-number, 13%. These percentages dif- 
fer reliably, F (2, 16) = 24.4, p < .001, and 
Newman-Keuls tests showed that all pairwise 
differences are significant. The generate vs. 
read difference in recall is replicated; more 
significantly, the verb-number items are 
markedly inferior to the read items. Thus, 
having to recall the number to the verb cue 
before saying a linking sentence retards 
learning, whereas recalling the verb to the 
number cue before saying the same linking 
sentence facilitates learning relative to read 
items (cf. Exp. Ia and Ib). 

The poor recall of the verb-number items 
argues against any hypothesis regarding “ас- 
tive memory search” per se as the explana- 
tion for the generate-read difference in recall. 
The result shows that the mere act of search- 
ing for something in memory at the time of 
input of a noun pair is not the beneficial 
factor. Rather it appears that the memory 
search has to be relevant to constructing a 
relational bridge between the two nouns. 

The association model of Fig. 1 is also in- 
firmed by the verb-number result since that 
model expected about equal facilitation. of 
recall by the number and the verb-number 
conditions. Further evidence against the as- 
sociation model of Fig. 1 was reported by 
Rohwer and Lynch (1967). Their Ss 
learned a list of eight N;-N» pairs each em- 
bedded in a sentence where, for different Ss, 
either two, four, or eight unique verbs were 
used to link the eight noun pairs. The medi- 
ation model of Fig. 1 would suppose that 
the V term would become associated to four, 
two, or one different No terms, respectively, 
in the three cases; consequently, correct N» 
recall to Nı should increase the fewer the 
sentences in which a given V occurs. How- 
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ever, Rohwer and Lynch found no recall dif- 
ferences among the three groups, although 
all of them exceeded recall by control Ss 
who studied the word pairs without sentence 
contexts. 


EXPERIMENT П 


Having become disenchanted with the as- 
sociative mediation hypothesis (which ap- 
pears wrong) and the memory search hy- 
pothesis (which is simply too vague), the 
authors came on another hypothesis which 
appeared most plausible. The idea is simply 
that recall is facilitated by S “comprehending 
the meaning" of the sentence, and this occurs 
more reliably when one has to make up a 
linking sentence than when one merely reads 
off a linking sentence that occurs in a long list 
of other sentences and pairs. Assuredly, 
the notion of comprehending the meaning of 
a sentence is one of those grandly vague 
concepts about which there is much contro- 
versy in linguistics and analytic philosophy. 
Two particular views of comprehension sug- 
gested the two experiments which follow. 
One, due to Katz and Fodor (1964), sup- 
poses that comprehension is coordinate with 
providing a semantic interpretation for the 
sentence so that, e.g., the sense intended for 
ambiguous words can be specified. The sec- 
ond view, from a paper by Kochen, MacKay, 
Maron, Scriven, and Uhr (1967), supposes 
that comprehension of a sentence predisposes 
one to alter his cognitions about the items 
named in the sentence, so that he is pre- 
pared to "go beyond" the sentence in assert- 
ing plausible implications of it or to answer 
questions requiring use of the information in 
the sentence, etc. 

The hypothesis is twofold: First, compre- 
hension of a sentence aids its retention; and 
second, with respect to the generate—read 
difference, discovering a plausible relation 
and generating a sentence linking №, to № 
assures better or more reliable comprehen- 
sion than does simply reading a sentence 
The first part of this hypothesis is tested in 
Exp. П. Regarding the second part, only 
plausible arguments can be marshalled along- 
side the generate-read recall difference, For 


example, it is a common experience that one 
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can read (or listen) without comprehension, 
whereas it is infrequent that one would gen- 
erate sentences without understanding what 
he is saying. 

The aim of Exp. II was to induce Ss to 
process (presented) sentences in different 
ways, one way designed to promote compre- 
hension of its meaning, the other way not, 
and then to test later for recall of the key 
nouns. An incidental learning procedure 


was used to reduce deliberate attempts at 
memorization. 


Method 


Experiment 11a.—Eight undergraduate Ss were 
assigned to the disambiguation condition and eight 
Ss to the spelling condition. The material was 30 
declarative sentences of the following form: article, 
concrete noun, verb, article, adjective, concrete 
noun. All sentences contained an ambiguous word ; 
the ambiguous word was equally often the subject, 
verb, and object. For the spelling condition, in 
half of the sentences, one word (№, V, or N:) 
was obviously misspelled (e.g., balll). 

Each sentence was presented by a memory drum 
for 5 sec. and S read it aloud. The drum then 
turned to a query about the sentence just read. In 
the disambiguation condition, the query consisted 
of presenting the ambiguous word and two very 
brief (1-2 words) identifications of its different 
meanings. The S was to select and say aloud the 
intended meaning of the word as it had been use 
in the prior sentence. For example, if the sentence 
were "The cow chased the rubber ball," he would 
be queried whether "ball" in that context referre 
to a society dance or a small spherical object. 
(No S made any "mistakes" on such queries.) n 
the spelling condition, the query consisted of thc 
single ambiguous word (correctly spelled), and ^ 
indicated whether or not this word had been mts- 
spelled in the prior sentence. For a quarter of the 
sentences, the correct answer to this query was 
"Yes" and for the rest "No." In both condition? 
55 were permitted 5 sec. to read and answer the 
query, then the memory drum turned to the nex 
sentence. 

The Ss were misinformed about the purpose of 
the experiment: they were told that E was investi- 
gating how easily Ss could disambiguate (or detect 
spelling errors in) words depending on subtle зул" 
tactical differences in the sentences. 

After the 30 sentence-query pairs had bee? 
presented once, S was informed that sentence reten: 
tion would be tested by cueing with Ni (subject 
noun) for recall of № (object). Items were test 
in their order of input at а 5-sec, rate without fe¢ í 
back information. Questioning of Ss at the end à 


the test turned up none who admitted to expecti£ * 
retention test of the input material. 
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Experiment Hlb.—This was similar to Exp. Па 
and used the same sentences, except input time was 
7 Sec. per sentence and recall test time was 7 sec. 
per item. Seven Ss (undergraduates) were as- 
Signed to the continuation condition and 7 to the 
repetition condition. In the continuation condition, 
3 first read the presented sentence aloud and then 
had to make up and say a sentence that was a 
sensible continuation, elaboration, or implication 
of the action or state of affairs stated in the sen- 
tence. The Ss were given several illustrations of 
how to do this. For example, if the sentence read 
Were "The farmer discovered a diamond,” a sensi- 
ble continuation might be “He sold it to a jeweler 
and used the money to buy a tractor.” This read- 
then-continue activity was always done within 7 
Sec, after which time the memory drum turned to 
the next sentence. The Ss in the repetition condi- 
tion were told that the study concerned speed of 
Speaking; they were instructed to read each sen- 
tence aloud three times as rapidly as they could 
and were led to believe that their response times 
Were being recorded. Following one input trial of 
the 30 sentences, recall instructions were given and 
the recall tests followed (recall № to N: cue). 


Results 


Experiment Ila—The results strongly 
Supported the comprehension hypothesis. 
Recall was 4996 for the disambiguation Ss, 
but only 18% for the spelling Ss, t (14) = 
3.45, р < .001. Recall in the spelling condi- 
ton was further analyzed for those 15 
sentences which contained a spelling error 
vs. the 15 sentences which did not. Recall 
was 14% for sentences containing a spelling 
error and 23% for those which did not, t (7) 
= 3.00, р < .01. Both recall percentages are 
Significantly below that for the disambigua- 
tion Ss. Comparing these same sentences for 
Ss in the disambiguation condition, there was 
no difference in recall. 

This ancillary finding, of poorer recall by 
spelling Ss of sentences with misspelled 
words, admits of several interpretations. A 
plausible view is that it is a simple repetition 
effect. It may be presumed that if S fails to 
find a spelling error on a first reading of 
нар qq д. reads it again, whereas detec- 
of the те ing error stops S’s processing 
errors enjoy the M Sentences ege 
second reading. emaria] benefits E = 
Mo “meee condition was 
(ambigu E to: whether the queried 

guous) word was Ny, V, or №. Dif- 
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ferences in recall were relatively small and 
cannot be taken seriously in any event since 
the specific word pairs could not be counter- 
balanced over this variable. Comparing the 
disambiguation and spelling Ss on the types 
of errors made, the disambiguation Ss had 
a higher rate of either synonymic or associa- 
tive intrusions to Nə, x? (1) = 10.2, p < 
Ol. This was probably the result of their 
having seen synonyms or associatively re- 
lated words in the definitional queries which 
followed the input sentences. 

Experiment IIb.—These results also sup- 
ported the comprehension hypothesis. Recall 
of Ne to the № cue was 43% for the continu- 
ation Ss but only 22% for the repetition Ss, 
t (12) = 379, р < .001. Comparing the 
two groups on the types of errors made, repe- 
tion Ss had a much higher proportion of 
omission errors (92% vs. 55%). About 
19% of the errors for continuation Ss con- 
sisted either of synonyms of N» or key words 
S generated in his continuation of that sen- 
tence. In only 15% of the continuation items 
did S reuse the N» word in his continuation, 
but No recall in these cases was only slightly 
higher than in the remaining continuations 
which did not use the No word. 

In summary, Exp. IIa and IIb have shown 
that a set to process sentences so as to dis- 
ambiguate words or to continue the action 
of the sentence produces better incidental 
recall than does three rapid recitations of 
the sentence or searching for spelling errors 
in it. This advantage occurred despite the 
fact that the queried identifications or the 
verbal continuations provided a multitude of 
extraneous words that could have competed 
with the correct word at the recall test. The 
incidental learning produced by these “com- 
prehension” sets is about equivalent to that 
which has been obtained in read-sentence 
conditions under comparable circumstances 
but with intentional learning instructions. 
In two unpublished experiments involving 
comparable list length (30), temporal in- 
tervals, and similar sentences, the authors 
have had intentional learning Ss read a sen- 
tence once (5 sec.), then immediately repeat 
it from short-term memory (5 ѕес.). Later 
long-term recall by these read-repeat Ss was 
41% in one study and 52% in the other. 
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TABLE 1 


PERCENTAGE OF RECALL ОЕ № то Ni CUE FOR 
Groups T Ахр NT ron ITEMS SHOWN 
IN DIFFERENT ТҮРЕЅ OF SENTENCES 


Sentence type Group NT | Group T M 
Declarative 24 25 24 
Negative 21 K b 19 
Question | 23 .19 21 
Negative question 25 23 24 

M 23 21 


These figures are comparable to the 49% 
and 43% incidental recall of the disambigua- 
tion and continuation Ss. These results tend 
to bolster a central conclusion from the litera- 
ture on incidental learning (e.g., Mechanic, 
1962; Postman, 1964); viz., the important 
factor for learning is how S processes the 
material at the time of input, not whether 
he has an intention to memorize. 


EXPERIMENT III 


The last experiment to be reported was 
mainly exploratory: the question was 
whether 5 would remember sentences better 
if he were required to be active in transform- 
ing the syntax of sentences he reads at the 
time of input. The thought was that re- 
quiring S to process the syntax of a sentence 
—to rearrange or delete words or alter the 
tense of verbs—and come out with a specified 
syntactical form might produce greater atten- 
tion to and learning of the key-word associa- 
tions than would merely reading the sen- 
tences without syntactically transforming 
them. 


Method 


Two groups of 12 Ss (undergraduates) had three 
input-output cycles on a list of 28 noun pairs em- 
bedded in sentences. There were seven instances of 
four sentence types: simple declaratives (The 
COW kicked the BALL), negatives (The COW 
did not. kick the BALL), questions (Did the 
COW kick the BALL?), and negative questions 
(Did the COW not kick the BALL?). In- 
stances of the four types were scrambled in blocks 
of four in the input list. The noun pair exemplify- 
ing particular sentence types was varied over Ss. 
Each sentence was presented for 5 sec. The Ss in 
Group NT (nontransformers) were instructed to 
read aloud. each presented sentence and study it. 
Those in Group T (transformers) were instructed 


to look at the sentence presented; if it was not a 
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simple declarative, then to transform it to the 
simple declarative form and to say aloud the simple 
declarative. A quarter of the presented sentences 
were simple declaratives, and these were simply 
read aloud by the T Ss. The Ss were thoroughly 
informed of their task and the nature of the im- 
pending recall task (recall № to №, cue). Items 
were tested in the order of their input at a constant 
lag of 28, but the input order varied over the three 
trials. 


Results 


The recall percentages for Trial 1 are 
shown in Table 1. The most noteworthy 
thing about the data in Table 1 is that they 
reveal no differences whatsoever, neither duc 
to sentence type nor to the T-NT treatment. 
The condition means were similarly equal 0? 
Trials 2 and 3, so those data are not pre 
sented. Thus, the conclusion from this 
study is essentially negative: with respect 
to associations of the key words (subject 
and object nouns), these sentence types dit- 
fered very little, nor did it matter whether 5 
read off a sentence as opposed to transform” 
ing it before he said it. Possibly, other sy!” 
tactical forms or requiring different tran? 
formations of S (e.g. to passives) may 76 
quire greater degrees of sentence processing 
and might improve memory for the trans” 
formed material. 


Discussion 


These experiments began with attempts р 
explain the generate vs. read difference in dis 
call. This recall difference probably rest!” 
from more reliable comprehension when ser 
tences are generated than when they are jene 
Experiments Па and IIb showed that instru" 
tional sets which promoted sentence compre” 
hension produced better incidental recall poa 
did instructions for rapid recitation of the e 
tence or searching for spelling errors 10, A 
Further evidence relevant to the comprehens!? 
hypothesis is that noun-pair recall is vetare 
relative to uninstructed contro] Ss if at inp 
the key nouns are embedded in a semantica у 
anomalous sentence (e.g, the BOOK sang , " 
tasty WINDOW) for which there is no sensib! 
interpretation. This deleterious effect of anony 
alous sentences on N,-N, recall has been ri 
ported by Rohwer and Levin (1968) ui 
has been replicated in the present laborat?’ 
The absence of an effe 
ing S to transform the 


A 
-equ 
ct on memory of reo uy 
syntax of a sentence ! 
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pf tne [ad M enin to the comprehension 
uA. У nypothests. Its relevance depends 
г one believes that 5 must first com- 
prehend the meaning of a sentence before he 
ee out a proper transformation of its 
do Dr The declarative transforms used here 
dines P р a prior semantic interpretation 
k s can Teadily transform nonsense sen- 

nces like "Didnt the DAX flumox the 
WUG?" 

Of relevance to the generate vs. read differ- 
ence in recall, in other work the authors have 
found a similar (though smaller) recall differ- 
es comparing instructions to read a sentence 
= repeat it verbatim, as opposed to read a 
Sentence then change it to produce a new and 
different linking sentence. If the read-then- 
generate instructions severely restrict the search 
for the new sentence (e£ the verb of the 
generated sentence must be synonymous with 
the verb of the sentence just read), then the 
read-generate condition 15 only marginally 
better at recall than a read-repeat condition. 
The poor recall produced by such restrictions 
on the generation process may result from S 
confining his memory search to verb synonyms 
rather than understanding the relational link- 
age between the two key nouns. 

The authors are still puzzled by the results 
of the number condition in their earlier experi- 
ments: Why does recalling the linking verb 
from a number (before saying the linking 
sentence) facilitate recall relative to just read- 
ing the same sentence? The associative medi- 
ation account of this effect seems not to be 
valid (see Exp. Ic). The only explanation sug- 
gested by the comprehension hypothesis is that 
recalling the verb from the number makes © 


more interested in seeing how the verb fits in 


461 


with the two nouns, whether it makes a sensible 
sentence. Possibly Ss monitor the accuracy of 
their number-verb recall by first checking to 
see whether the candidate verb recalled produces 
a comprehensible sentence linking the two 
nouns. By this means, then, number items 
would more oíten lead to comprehension than 
read items, and hence to better recall. Experi- 
mental tests of this hypothesis are clearly 


needed. 
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EXPLANATION OF THE MULLER-LYER ILLUSION: 
CONFUSION THEORY EXAMINED! 


ALBERT ERLEBACHER? Ax» ROBERT SEKULER 


Northwestern University 


The method of reproduction was used to measure the illusion generated by 
that Müller-Lyer figure with obliques directed inward. In Exp. I, the angle 
between the obliques and the shaít of the figure was varied. The illusion 
decreased with increasing angle of the obliques. In Exp. II, length of 
obliques was concomitantly varied with angle size so as to keep distance 
between opposite obliques constant. Experiment II showed no effect of 
the angle of the obliques, indicating that the Müller-Lyer illusion results in 
part from confusion of the shaft length with the distance between the ends 
of obliques. In Exp. III, the distance between ends of obliques was varied 
along with the angle size in a factorial design. The results indicated a 
strong effect of the distance and an interaction between the two variables. 
The latter effect is also explainable by the confusion hypothesis. 


The Müller-Lyer illusion, as well as other 
geometrical illusions, has sometimes been ex- 
plained by “confusion” theories (Wood- 
worth, 1938, p. 645) or theories of “total im- 
pression" (Boring, 1942, p. 244). Included 
among such explanations are those advanced 
by Delboeuf, Auerbach, Brunot, Müller- 
Lyer, Einthoven, and Láska (see Titchener, 
1918, pp. 321-328). While the various ex- 
planations differ somewhat in the details of 
the mechanisms proposed, all postulate that 
S does not judge only the length of the lines 
in question, but also includes in his judgment 
the length of the entire figure, including the 
“tails” or obliques. It is apparent that such 
a theory is capable of explaining the Miiller- 
Lyer illusion in its usual form—when a line 
with obliques directed inward is compared 
with a line with obliques directed outward. 
In such a case, that figure having obliques di- 
rected outward is, in fact, longer than the 
other. The point may be clarified by a com- 
parison of the lengths designated b and d in 
Fig. 1. It is also apparent that if the angle 
the obliques make with the line is varied, 
holding oblique length constant, the smaller 
the angle, the greater should be the illusion, 
Such a result was reported by Heymans 
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(1896). However, it is known that one сап 
obtain an illusion when a line with obliques 
directed inward is compared to a single line 
lacking obliques (eg., Heymans, 1896). 
The line with obliques directed inward 18 
perceived as shorter than the single line 
The illusion is obtained in spite of the fact 
that both figures are equally long in total. 
Assuming the confusion theories to be cof- 
rect, the question arises about what is in fact 
"confused" with the length of the line whe" 
the obliques are directed inward. The only 
apparent possibility is that 5 incorporates in 
his judgment the distance between the ends 
of the obliques. This distance, designated s 
in Fig. 1, is, in fact, shorter than the entire 
line length. з 
It follows from the previous hypothes!s 
that as the angle the obliques make with the 
line becomes smaller, holding oblique length 
constant, the figure ought to appear shorter 
since the distance between the ends of the 
obliques becomes shorter. Experiment 
Tepresents a test of this hypothesis. The 
angle that the obliques made with the lines 
was varied from 10° to 80° jn 10° steps 
while the length of the obliques was kept at 
a constant value. The angle to be varied 15 
designated as o in Fig, 1, E 
Another prediction from the hypothesis 15 
that if the angle the obliques make with th* 
line is varied, but the length of the obliques /? 
adjusted so as to keep the distance betwee? 
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the ends of the obliques the same for all fig- 
ures, all figures should appear equally long. 
Experiment II represents a test of this pre- 
diction. Angle size varied from 10° to 70° 
ш 10 steps, while the distance between the 
ends of the obliques was held constant. Ex- 
periment III was performed to confirm the 
results of Exp. I and П and to further extend 
the predictions from the confusion hypothesis. 


EXPERIMENTS I AND П 
Method 


Ps Sig e І and п were conducted 
the rei! d All Ss served in all conditions of 
ЧЕН та The conditions represent the 
differ ifferent angle sizes of Exp. I and the seven 
s ent angle sizes of Exp. П. In addition, two 

andard line lengths were used so that Ss would 
not tend to "outguess" E by considering all lines 
to be of equal length. The two standard line 
lengths were 200 and 212 mm. Each of the angle 
sizes was used with both of the standard line 
lengths. There were thus 30 conditions in the 
experiments. 

Subjects.—The Ss were 34 male and female 
Northwestern University undergraduates who 
Served in the experiments às part of their require- 
ments for the introductory psychology course. 
They were run in groups of approximately 12 Ss 
each. 

Stimuli.—The stimuli were black on white figures 
projected on a.screen near the front of a room. 
They were presented vertically so that no fore- 
shortening would take place as а result of S's 
placement within the room. The screen was ap- 
proximately 2 m. in front of the first row of seats 
and 5 m. in front of the last row. The farthest 
lateral distance of Ss was approximately 2 m. to 
either side from the center of the screen. Inspec- 
tion of the data indicated no systematic effect of 


seating position. 


Half of the stimuli were 200 mm. long and half 


were 212 mm. The stimuli for Exp. I had 
obliques 50 mm. long. Thus, as the angle size 
varied from 10° to 80^, the distance between the 
ends of the obliques varied from 102 to 183 mm. 
for the 200-mm, standard, while this distance varied 
from 114 to 195 mm. for the 212-mm. standard. 
The stimuli for Exp. II had obliques that varied 
Vip the angle size varied 50 aS to keep the 
120 i, pus the ends of the obliques equal to 
to 70°, the pen as the angle size varied from 10 
to 117 mm Pie of the obliques varied from 4l 
length varied "4 the 200-mm. standard, while this 
standard. The 1ш 47 to 134 mm. for the 212-mm. 
with an S. E. I. p of the screen, measured 
contrast of the БЕШ CoU was about 8 ft The 
Procedure—The баман ae 6.90 a 
were determined usin, ee lengths of the stimuli 
g the method of reproduction. 
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Fic. 1. Two forms of the Müller-Lyer figures. 
(Letter designation of various parts of the figures 
is keyed to the text.) 


When a stimulus was presented, S indicated its 
length by marking off that length on a straight 
line lacking obliques. The Ss were furnished a 
book having 180 white 215 X 355 mm. pages. On 
each page, centered, was printed a vertical black 
line, 352 mm. long. The Ss drew a horizontal line 
across the printed vertical line, indicating the 


perceived length of the stimulus by the distance 
their mark. 


from the top of the vertical line to 
Each stimulus was judged six times, with the order 
of presentation partially random. The 30 stimuli 
were first presented once each in a random order. 
The order was then reversed. Then Ss went 
through two more such cycles, with stimuli ran- 
domized again for each cycle. Stimuli were pre- 
sented with a slide projector for 4,5 sec. each, with 
а .5-ѕес. dark jnterval between slides. There was 
a rest period of approximately 2 min. between 


cycles. 


Results 

A mean of the six reproductions of each 
of the 30 stimuli was obtained for each S. 
These means are the points of subjective 
equality (PSEs) and serve as the basic data 
on which analyses were performed. 

Experiment I .—Figure 2 shows the mean 
PSEs obtained for the eight angle sizes and 
the two standard lengths. It can be seen 
that as the angle size increases from 10° to 
80°, there is a reduction in the magnitude of 
the illusion. The longer standard line was 
indeed perceived as longer at every angle 
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Fic. 2. Mean PSE as a function of the angle 
which the obliques make with the shaft of the 


Müller-Lyer figure. (The parameter is shaft 
length.) 


size, though the magnitude of the mean dif- 
ference obtained, 4.8 mm., is smaller than 
the actual 12-mm. difference. An analysis of 
variance indicates that standard line length, 
F (1, 33) =41.31, and angle size, F (7, 
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Fic. 3. Mean PSE as a function of the angle 
which the obliques make with the shaft of the 
Miiller-Lyer figure. (The parameter is shaft 
length. The length of the obliques has been varied 
to keep the distance between the ends of the 
obliques constant. ) 
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231) = 15.31, are both significant sources of 
variation, р < .001. There was no signifi- 
cant interaction between the two variables, 
F (7,231) = 1.04. 

Experiment II.—Figure 3 shows the mean 
'"PSEs obtained for the seven angle sizes and 
the two standard lengths. It can be seen 
that there is no noticeable trend in the data 
as angle size is varied. There is a difference 
due to standard line length. This mean dif- 
ference is 4.0 mm., again smaller than the 
actual 12-mm. difference. An analysis of 
variance indicated that only standard line 
length was a significant source of variation, 
F (1, 33) = 30.26, p < .001. Neither angle 
size, F (6, 198) — 1.25, nor the interaction, 
F (6, 198) = 1.44, was statistically signifi- 
cant. 


Discussion 


Experiment I confirmed that an illusion could 
be obtained with only half of the usual Müller- 
Lyer figure, ie, when only inward-directed 
obliques contribute their effect. Furthermore: 
the experiment showed that when the length 
of the obliques is held constant and the distance 
between the ends of the obliques is allowed tO 
vary along with angle size, the smaller the 
angle and hence the smaller the distance be- 
tween ends, the greater is the magnitude of the 
illusion. This result is consistent with the 
confusion hypothesis described previously. 

Although the results of Exp. I are consistent 
with the confusion hypothesis, the results аге 
ambiguous since angle size and distance be- 
tween the ends of the obliques are confounded. 
In Exp. II the interend distance was hel 
constant. As was predicted by the confusion 
hypothesis, there was no effect of angle size 1n 
such a case. The Müller-Lyer illusion seems 
to depend on the fact that S uses the distance 
between the ends of the obliques as a cue in 
judging the length of the line, despite the fact 
that he is instructed not to do so and despite the 
fact that he probably would not admit to being 
so affected. His judgment also takes into ас- 
count the actual length of the standard line. 
This is seen in data from both experiments. 
Experiment I yields Fig. 4, which is a replot- 
ting of Fig. 2 but with the distance between 
the ends given on the abscissa. If this distance 
were the sole determiner of perceived length: 
the curves for the two standard lines woul 
coincide. However, Fig. 4 shows the PSEs for 
the 212-mm. standard consistently greater tha? 
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Fic. 4, Mean PSE as a function of the distance 
between the ends of the obliques in the Miiller-Lyer 
figure. (The parameter is shaft length.) 


the PSExs for the 200-mm. standard at equal 
Mterend distances. Experiment IT yields data 
in which standard line length is a significant 
source of variation in spite of equal interend 
distances. The S appears to make a sort of 
compromise between the standard line length 
and the interend distance. Consistent with 
such a compromise is the fact that the Exp. Il 
difference іп PSEs between the two standard 
line lengths is much smaller than the true 12- 
mm, difference. Tf the distance between ends 
were the only basis for perceived length, there 
Would result no difference in PSEs. If true 
line length were the only basis, the perceived 
difference would be near 12mm. The data are 
a compromise! 
EXPERIMENT TIT 

ing experiments con- 
and indicate the 
remain other 


Although the preced 
firm the confusion hypothesis 
nature of the “confusion,” there 
untested propositions that may he derived 
from the theory. What was shown was that 
if the distance between the ends of the 
obliques is held constant, no difference in 
ып ee from variation of angle. Tt 
betwe urther predicted that if the distance 

en ends is varied, holding angle 512% 
constant, the smaller this distance the larger 
the illusion, Experiment ITT eo designe 
to test this prediction and to replicate Exp. 
IL by varying angle size, holding distance 
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between ends of obliques constant but at new 
values. А factorial combination of angle 
sizes and interend distances was employed 
for these purposes. The hypothesis predicts 
an effect due to distance but not one due to 


angle size. 


Method 


Design.—AM Ss served in all conditions of the 
experiment. The conditions represent the fac- 
torial combination of four angle sizes (10°, 30°, 
50°, and 70°) and four interend distances (60, 90, 
120, and 150 mm.). The standard line length for 
all the conditions was 200 mm. In order to keep 
Ss from outguessing E, four figures, 212 mm. long, 
were interspersed among the experimental figures. 
The angle size for these varied as for the 200-mm. 
lines, but only one separation of ends—120 mm.— 
was employed. In addition, in order to determine 
the actual extent of the illusion, two lines without 
obliques were included—one 200 mm., the other 212 
mm. long. There were thus 22 conditions in the 


experiment. 


Subjects.—The Ss were 44 male and female 


Northwestern University students in an experi- 
mental psychology course. They were run in two 
groups, approximately equal in size. 
Stimuli.—The stimuli were vertically oriented 
black line figures projected on a screen. They were 
presented at the same га! 
II by a film strip projector. 


te as those in Exp. I and 
The luminance of the 
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background was 12 ftl, while the contrast of the 
dark figures was .90. Stimulus order was ran- 
domized in blocks of 22, and each stimulus was 
presented six times. 

Procedure.—The procedure was similar to that 
of Exp. I and II except that only 132 judgments 
were made by each S. 


Results 


A mean of the six reproductions of each 
of the 22 stimuli was obtained for each 5 as 
his PSE. The mean PSEs for the 16 condi- 
tions of the 4 X 4 factorial design are shown 
in Fig. 5. As can be seen, for all angle sizes, 
the larger the separation of oblique ends, the 
larger is the PSE. The mean PSEs were 
146.7, 149.2, 152.8, and 154.5 mm. for the 
60-, 90-, 120-, and 150-mm. separations, re- 
spectively. These differences are statistically 
significant, F (3, 129) — 40.54, р < .001. 
The differences among the angle sizes are 
slight. The mean PSEs were 149.6, 151.0, 
150.8, and 151.8 mm. for the 10°, 30°, 50°, 
and 70° angles, respectively. These differ- 
ences are not statistically significant, F (3, 
129) = 2.52, р> .05. A significant interac- 
tion was obtained, F (9, 387) = 591, p< 
001. It can be seen in Fig. 5 that the effect 
of separation of oblique ends is greatest with 
a 10° angle, decreasing with angle size and 
being smallest for the 70° angle. Indeed if 
straight lines are fitted to the points in Fig. 
5 by the method of least squares, the slopes 
of those lines are .13, .11, .07, and .04 for 
the 10°, 30°, 50°, and 70° figures, respec- 
tively. 

The mean PSEs for the four 212-mm. 
filler figures were 156.9, 152.2, 153.6, and 
155.0 for the 10°, 30°, 50°, and 70° angles, 
respectively. These are approximately equal 
in value, and an analysis of variance yielded 
F (3, 129) = 2.62, p > .05. Since these fig- 
ures all had a separation of oblique ends 
equal to 120 mm., these results confirm the 

results of Exp. II. The means for the 200- 
and 212-mm. lines lacking obliques were 
153.2 and 159.4 mm., respectively. 


Discussion 

Within limits, the major results are as pre- 
dicted from the confusion hypothesis. Holding 
angle size constant, the smaller the ‘separation 
of the ends of obliques, the greater is the illu- 
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sion; holding separation constant, no effect of 
angle size is demonstrated. The latter result 
confirms the results of Exp. П with a broader 
experimental base. 

That the effect of intertip distance is modified 
by another variable is indicated by the Sepa- 
ration X Angle Size interaction. The interac- 
tion is also interpretable with the hypothesis. 
If 55 perception of the length of a figure is 
affected by the distance between the ends of 
the attached obliques, it seems reasonable that 
such an effect will be greatest when the ends 
are nearest the line whose length is to be 
judged. This distance is the perpendicular dis- 
tance designated e in Fig. 1. The larger the 
angle that the obliques make with the line, 
holding interend distance constant, the greater 
is the perpendicular distance; this in turn 
should lead to an attenuation of the interend 
distance effect—precisely what was found in 
Exp. III. This interpretation does not exclude 
an effect of angle size, although this effect 
would in reality be mediated by oblique end 
separation and the perpendicular distance of the 
ends. With a small intertip separation, where 
the illusion is greatest, one ought to find the 
greatest illusion with a small perpendicular 
distance—hence, with a small angle. With a 
large intertip separation, on the other hand, 
little illusion arises and therefore no effect of 
angle size should obtain. Indeed, Fig. 5 gives 
evidence of such a relationship: the curves are 
most separated with a 60-mm. separation and 
they tend to converge with larger separations. 
The extent to which a main effect of angle size 
is found depends, then, on the appropriate 
choice of intertip distances, 

At first glance it is surprising to find that 
the 200-mm. standard lacking obliques yielded 
а mean reproduction of only 153.2 mm. How- 
ever, the discrepancy between this value and 
200 mm. is very likely an example of the 
regression effect discussed by Stevens and 
Greenbaum (1966). They noted that 


when a person varies one stimulus to match a 
variable criterion of some sort, he tends to shorten 
or constrict the range of his adjustments, More 
than half a century ago, Hollingworth (1910) 
wrote about the “central tendency of judgment,” 
the tendency for an observer to regress toward а 


central value and thereby shorten the range of the 
adjusted variable [p. 439] 


The central tendency of judgment would pull 
the reproductions of the line lacking obliques 
toward the length of the reproductions of the 
lines whose apparent length is reduced below 
200 mm. due to the operation of the illusion. 
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The results of Exp. III are in partial dis- 
agreement with those of a recent study by 
Dewar (1967). In his experiment he varied, 
in a factorial design, both the angle size that 
the obliques make with the standard line and 
the length of the obliques. He found no inter- 
action between the two variables. The present 
experiment, however, indicates that such an 
interaction should exist since the magnitude of 
the illusion should be proportional to the length 
of the oblique times the cosine of the angle. 
Since smaller angles have larger cosines, the 
effect of length of obliques should be greatest 
for small angles. It is possible that the discrep- 
ancy between the two sets of results derives 
from Dewar's unusual method of testing each 
5 in only a single condition, i.e, only one 
combination of angle size and oblique length; 
while in the present experiment, Ss served in 
all conditions. It is possible that Dewar's 
between-Ss design lacked the power to detect 
the effect the present within-Ss design showed. 

Given the long history of research on the 
Müller-Lyer illusion, it is safe to conclude that 
the illusion is multiply determined. While the 
authors have attempted in the present paper to 
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define what Ss are confusing, there can be little 
doubt that several other factors also contribute 


to the illusion. 
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EFFECTS OF CHAINING CUES ON THE ACQUISITION 


OF A COMPLEX CONCEPTUAL. RULE* 


SEONG SOO LEE? ROBERT M. GAGNE 


University of British Columbia 


The effects of two kinds of prior learning on the acquisition of a complex 
conceptual rule were investigated. The complex rule (A-C) was conceived 
to result from the integration of an attribute-coding (A-B) task and a 
contingent rule (B'-C) task. The first variable associated with prior 
learning was defined as consistency vs. inconsistency in the chaining of B 
with B'. The second variable resulted from varying labeling responses so as 
to be similar (B: 1, 2, 3, 4) or nonsimilar (D: a, b, c, d) to the identifying 
stimuli (B': one, two, three, or four dots) for the А-В and B'-C tasks. 
Prior training on the first two tasks under the consistent condition facilitated 
the acquisition of the complex rule. Prior training by responding with 
labels similar to the to-be-learned concepts yielded some additional facilitative 
effect on the acquisition of the A-C transfer task, but only when the chaining 
was consistent. The results support a mediational interpretation of rule 
learning in terms of both an associative and a nonassociative process which 
are jointly responsible for the observed facilitation and serve to identify two 
different ways in which transíer effects may result from chaining cues. 


Unicersity of California, Berkeley 


Kendler and his associates (Kendler, 
Glucksberg, & Keston, 1961; Kendler & 
Kendler, 1962; Kendler & Woerner, 1964) 
have tested the implications of a mediational 
hypothesis by means of reversal-shift tasks 
presumably requiring the integration of two 
or more necessary behavior units, i.e., orient- 
ing and mediating responses. Although 
these studies have directed their major atten- 
tion to the analysis of component processes, 
at the same time they emphasize the need for 
investigating more intensively the integra- 
tion process. Gagné (1964, p. 313) has ad- 
vanced the idea that the more complex forms 
of learning depend on simpler processes 
which have been previously acquired—in a 
hierarchical fashion. Thus, rule learning is 
viewed as the establishment of а process 
which combines previously acquired concepts 
in a lawful fashion. For example, once 
human learners have learned to classify an 
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array of stimuli as "round" or "triangle" 
and another array as "the odd one" or “not 
the odd one," they are ready to learn a rule, 
"when round, choose the odd one.” Such а 
view calls for empirical investigations of 
conditions which affect the process of inte- 
gration of simpler forms of learning. 

The purpose of the present study was to 
evaluate the effects of chaining cues on the 
integration of previously learned simpler 
conceptual rules and to examine the plausibil- 
ity of a mediational account of such integra- 
tion. The complex conceptual rule refers 
to an integrated form of previously acquired 
attribute-coding responses and contingent 
rules. The two segments of the conceptual 
rule-learning task can be described by ex- 
tending the two-process notion espoused by 
Lee (1968). as diagrammed in Fig. 1. The 
attribute-coding task (hereafter denoted by 
A-B) is defined by requiring S to reduce an 
array of stimulus patterns (A) to a man- 
ageable number and size of categories with 
labels (B). It is assumed that as a result of 
making overt labeling responses over trials, 
values of certain stimulus dimensions as 
functional stimuli as embedded in A come 
to elicit a coding response (е.р., 5 says to 
himself, “That is a red large”), which in 
turn produces an implicit stimulus event as à 
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TASK 2 
Responses 
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Diagram of a complex conceptual rule-learning task, A-C, conceived as an 


integrated form of two tasks, A-B and B'-C. 


stimulus-as-coded (e.g, the red large). 
Thus, the resultant implicit response-stimu- 
lus events (to be denoted by тъ-ѕь) are to be 
acquired through the labeling response, B. 

The contingent rule task (hereafter de- 
noted by ВС) is defined by S's attending 
to identifying stimulus (B') and responding 
to it by naming (C) the value of its asso- 
ciated relevant dimension of stimulus pat- 
terns. It is further assumed that as a result 
of makiug overt naming responses over 
trials, B’ comes to elicit an implicit response 
(e.g., S's saying to himself, *When a stim- 
is one dot, look at the shape of 
which in turn 
e.g., the value 


ulus pattern ha 
the figure of the pattern”), 
produces an implicit stimulus ( 
of the shape dimension). Thus, the resultant 
implicit response-stimulus events (denoted 
by ть-вь) are to be acquired through the 
overt terminating naming response, С> 
What is learned would be coded attributes 
(ri). in the А-В task and contingent rules 
(Ty73w : “If В, then C") in the B’-C task. 
It is noteworthy here that each ry-sp can be 
associated with more than one A term so as 
to become a convergent process in the A-B 
task, and each T-S can be associated with 


more than one C term so as to become a 
divergent process in the B'-C task. 
Consider such a complex rule-learning task 
(i.e, A-C) as illustrated in Fig. 1, in which 
S is confronted with a task requirement that 
what is learned from the attribute coding be 
integrated with a learned contingent rule. 
One obvious question arises as to whether 
or not the two learnings will be automatically 
or spontaneously integrated. While this 
question is too broad to be answered immedi- 
ately, it suggests that a fruitful step might be 
to investigate potential mediating mecha- 
nisms. Considering the acquisition of the 
A-C task preceded by the А-В and B’-C 
tasks, the effective chaining of В with В’ 
would facilitate the acquisition of such a com- 
plex task as the A-C, according to findings 
from verbal mediation studies. That is to 
say, it seems reasonable to postulate that if 
the stimulus-as-coded (sj). arising from 
labeling responses with B, can assume some 
of the properties as a mediator to link to- 
gether with the implicit response (r) aris- 
ing from naming responses with C, then any 
variable affecting B and B’ terms should be 
able to influence the mediator and thereby 


link A and C, 
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A question of particular interest here is 
whether or not it is possible to observe the 
behavioral effect of cues for mediating a link 
between the labeling response and the identi- 
fying stimulus as diagrammed in Fig. 1 (i.e., 
B — В’). More specifically, if there exists 
some already established association between 
B and В’, i.e., between numerals and num- 
bers which share a great correspondence in 
terms of their cardinal and ordinal properties, 
then the linking of B and B’ can be readily 
accomplished. It can be further argued that 
the ease of linking B and B’ which is con- 
sistent with respect to В ~ В’ embedded in 
the A-C, as compared with inconsistent re- 
pairing of B — B' (eg., Numeral 1 goes 
with three dots), can be attributed partly to 
an associative nature of the mediational event 
because the consistent pairing would preserve 
an old associative habit, whereas the incon- 
sistent pairing would require the unlearning 
of the old habit and the formation of the new 
association (e.g., l-three dots) for the ac- 
quisition of the A-C. 

On the other hand, if the formal character- 
istic of the label (B) in an attribute-coding 
task is not so important that the evocational 
capability of B to elicit B' is little or minimal, 
the replacement of B in the A-B task by 
some other labels (D) nonsimilar to B' in the 
B’-C task should not make any difference in 
terms of its effect on the rate of integrating 
A and C. If it retards the acquisition of the 
A-C task, the lack of the evocational capa- 
bility of D (e.g. letters) to elicit B' (e.g., 
number of dots) because of little corre- 
spondence between the two would be re- 
sponsible for the retardation when compared 
with the case of the consistently paired 
B~B’. However, if the appropriate pairing 
of D — B' consistent with D ~ В’ as em- 
bedded in the A-C yet produces the faster ac- 
quisition of the A-C than the inappropriate 
airing of D ~ В’ inconsistent with the im- 
plied D — B’ in the A-C, it would be neces- 
sary to postulate a nonassociative process 

additional to the presumed associative nature 
of the mediationalevent. — 

` Reasoning along this line suggests two 
plausible hypotheses to test: If a mediated 
associative process is working in linking 
p — В, the prior acquisition of A-B and 
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B'-C should facilitate the learning of A-C 
when compared with both the prior acquisi- 
боп of А-В and B’-C inconsistent with 
B — B' in the common transfer task A-C and 
the prior acquisition of A-D and B’-C con- 
sistent with respect to D — B’ in the A-C as 
a common transfer task; and if a nonasso- 
ciative process is operative for mediating 
links, B ~ В’, the prior acquisition of A-D 
and B'-C consistent with D ~ B' in the A-C 
should facilitate the A-C learning as com- 
pared with the prior acquisition of A-D and 
B'-C inconsistent with respect to D ~ В’ in 
the A-C. 


METHOD 


Design.—In order to demonstrate the validity 
of the operational definition of the experimental 
paradigm (ie, A-B, B'-C, A-C), a general con- 
trol (GC) condition was set up such that neither 
one of A-B and B'-C tasks was given, but instead 
a warm-up task and two stimulus familiarization 
tasks (or fillers). The filler tasks aimed at 
providing as much familiarization as resulting 
from the two conceptual learning tasks (e.g., A-B, 
B'-C) so that relatively unambiguous estima- 
tion of effects due to training on the two conceptual 
tasks could be made. The evaluation of the 
facilitative effect of the presumed mediators to be 
involved in linking B and B' in the training con- 
dition with A-B, B'-C (hereafter denoted by B-B') 
necessitated setting up a mediated interference con- 
dition (denoted by B-B’,) by re-pairing chaining 
cues, B and B', so as to become inconsistent with 
respect to B~B’ in the A-C; thus, the latter con- 
dition was given training on А-В, В’,-С. 

The test of the second hypothesis, along with the 
first one, entailed the manipulation of the formal 
similarity of labels (B) in A-B pertaining to B 
in B'-C. As a result of the manipulation, two 
more treatment conditions were similarly defined 
by replacing B in A-B with nonsimilar labels, D; 
ie, one with training on A-D, B'-C (denoted by 
D-B') and the other with training on A-D, В'.-С 
(denoted by D-B'.). Thus, consistent vs. incon- 
sistent and similar vs. nonsimilar arrangements 
of chaining cues were as follows: (a) 1-2-3-4 
corresponding to one-two-three-four dots, (b) 
1-2-3-4 to three-one-four-two dots, (c) a-b-c-d to 
one-two-three-four dots, and (d) a-b-c-d to three- 
one-four-two dots for the B-B', B-B',, D-B', and 
D-B'. conditions, respectively. Differential effects 
due to the consistency factor across the two levels 
of the similarity factor, ie, interaction between 
the two factors in favor of the effect given the 
similar arrangement, would permit more valid 
interpretation of the facilitative effect of training 
under the B-B'. In this connection, it should be 
noted that the D-B’, condition could serve as а 
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base-line condition since it did provide, in a sense, 
both irrelevant attribute-coding and contingent rule 
tasks. 

Subjects.—The Ss were 100 tenth-grade stu- 
dents sampled from a population of a metropolitan 
high school, representing approximately the top 
two-fifths according to Otis IQ scores. The Ss 
were first ranked in terms of IQ scores and ini- 
tially grouped into four blocks, within each of 
which each S was randomly assigned to one of 
the five treatment conditions. The equivalence of 
the five treatment groups in terms of the IQ 
scores was checked; the same mean IQ scores 
existed for all five groups. 

Stimulus materials.—The stimulus patterns were 
вв designs varying along eight bileveled 
MEL offset-printed on 23 Х 34 in. paper- 

ard cards. The dimensions and their values were 
shape of figures (triangle or circle), number of 
figures (one or two), size of figures (large or 
small), color of figures (red or blue), texture 
of figures (solid or slashed), outline of figures 
(no outline or black outline), line of border 
(solid or broken), and color of background (white 
or gray). Each of five conceptual tasks, i.e., two 
attribute-coding tasks (A-B, A-D), two contin- 
gent rule-learning tasks (B'-C, B'.-C), and one 
common transfer task (A-C), consisted of a deck 
of 16 cards, each of which bore the attribute values 
of some relevant dimensions. As can be seen in 
Fig. 1, two dimensions, color and size of figures, 
were relevant for the A-B and A-D tasks, while 
other dimensions did not vary. Four dimensions, 
in addition to an extra dimension of number of 
black dots (one, two, three, or four) at the upper 
right corner of each card, were relevant for the 
ВС and the B’;-C task, while other dimensions 
did not vary. Excluding three dimensions (i.e. 
number of figures, line of border, and number of 
black dots), six dimensions were relevant for the 
A-C common transfer task: ie, two dimensions 
(color of figures and size of figures) were rele- 
vant for the attribute-coding part and four dimen- 
sions (shape, texture, outline, and background) for 
the contingent rule part of the A-C task, while the 
excluded two dimensions did not vary and the num- 
ber of black dots was not present at all. The 16 
stimulus patterns were equally distributed over 
four categories of coded attribute to be labeled with 
B or D for the attribute-coding task so that four 
cards were responded to with one of the four re- 
sponse categories. For the contingent rule-learning 
task, the 16 stimulus patterns were distributed over 
four identifying stimuli (B' or B'r) so that four 
cards bore the same number of dots, thereby the 
same dimension, resulting in two cards to each of 
eight response categories, as can be seen in Fig. 1 
A warm-up task was based on one dimension, the 
line of border, embedded in 16 cards which were to 
be classified into either a positive or negative 
category. 

Apparatus —A black portable wooden box, 9.5 X 
34 X 9.5 in, was put between 5 and E on a desk. 
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The box was elevated so that a rectangular aper- 
ture, 23 X 33 in., could be fixed at S’s eye level. A 
transparent plastic card-feeding-replacing mecha- 
nism with a 2} X 33 X 8 in. pocket for stacking sets 
of cards was housed in the black box. The mecha- 
nism with a microswitch and an electric 60-rpm 
motor was activated by pressing a push button so 
that cards could be presented and replaced one by 
one in succession at the rate of 1 sec. 

Procedure-—At the outset, the attribute values of 
eight dimensions of each card were illustrated to 
S by using two distinctive typical stimulus cards. 
Then, all Ss in the five conditions were asked to 
classify a deck of 16 cards into two categories by 
responding to each stimulus card by saying either 
“plus” or “minus,” which was followed by E's feed- 
back, either “right” or “wrong.” After the warm- 
up task, Ss in each of the four treatment conditions, 
excluding the GC condition, were given a series of 
two tasks, first an attribute-coding task (either 
A-B or A-D) and then a contingent rule-learning 
task (either B'-C or B',-C). The Ss in the GC 
condition were given two filler tasks instead of the 
two conceptual tasks. On completion of differential 
treatments, all Ss were given a common transfer 
task, A-C. 

The Ss were told a pair of relevant dimensions 
(i.e., size and color of figure) and either one of two 
response pools (ie, Numerals 2, 4, 1, and 3 for 
A-B; and Letters b, a, d, and c for A-D) with 
which to respond immediately before the be- 
ginning of training on the A-B or the A-D task. 
For the B'-C and B'.-C tasks, they were told the 
relevance of black dots at the upper right corner of 
cach card and asked to respond with any one of 
the eight values (ie., triangle, slashed, black out- 
line, white, circle, solid, no outline, and gray) as a 
response pool. The two tasks (eg, A-B, B'-C) 
were always sequenced in the order of an attribute- 
coding task first and a contingent rule-learning task 
next. The two filer tasks which were introduced 
to Ss in the GC condition were intended to control 
for stimulus familiarization and response set, which 
would be presumably developed under the other 
four conditions (i.e, B-B', В-В'., D-B', and D-B'.). 
One set of the two decks of 16 cards used for the 
А-В апа B'-C was given to half of the Ss and the 
other set used for the A-D and B'-C to the other 
half of the Ss as stimulus cards for the filler tasks. 
A filler activity was to respond to each card by 
supplying a complete verbal description of the card. 

The stimulus cards were successively presented 
one at a time and responded to at S's self-paced 
rate, but S was told that the accuracy of response 
was just as important as speed. A trial con- 
sisted of a complete presentation of a deck of 16 
cards. Immediately after S's response to each card 
(ie, saying aloud any one response term out of a 
given response pool), E provided informative (or 
corrective) feedback for the first trial, but from the 
second trial on, provided simple feedback by say- 
ing either "right" or “wrong.” Learning trials 
for all the conceptual tasks were carried on until 
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TABLE 1 


MEAN NUMBER OF ERRORS THROUGH THE First THREE TRIALS AND IN THE 
First TRIAL ON THE A-C TRANSFER Task 


Consistent and | inconsistent and | Warm-up and 

Treatment similar nonsimilar nonsimilar familarization 
(B-B’) (D-B') (D-B*%) (GC) 
First three trials* 15.90 29.10 | 20.85 | 27.70 | 32.75 
First trial? 7.20 11.05 | 9.90 10.75 11.30 


each S reached a criterion of two consecutive error- 
less trials. Each deck of 16 cards for all the five 
treatment conditions was repeatedly presented in 
four different orders to eliminate serial order effects 
in such a way that within each order of 16 cards, 
each of four blocks of 4 cards completely repre- 
sents all the four coded attributes (i.e., ry-s» as can 
be seen in Fig. 1) or all the four dimensions (i.e., 
rw-3w). Intertrial and intertask intervals were kept 
at a maximum of 8 and 15 sec., respectively, which 
were needed just for E's procedural operations. 
Each filler task was given for approximately 6.5 
min. during which time Ss under the GC condi- 
tion went through as many cards as they could, the 
amount of time being comparable to the average 
amount of time taken for each conceptual task 
under the other four conditions. 

The A-C common transfer task was introduced 
without any break, as if it were simply one of a 
series of tasks. The Ss were told that the number 
of black dots would be no longer available and 
that the four attribute values (i.e., large, red, small, 
and blue) would be relevant in determining which 
one of the eight attribute values to respond with, 
which were the same ones as previously given for 


the contingent rule task as a response pool No 
study trial with the informative feedback was 


given, but test trials continued until 5 reached 
either two consecutive errorless trials or eight 
trials. The S was told not to discuss the present 
experiment with anyone until it was over. 


RESULTS 


Although it is still debatable which mea- 
sure, the number of trials to a criterion or 
the number of errors over a constant number 
of trials, is more valid or sensitive in evaluat- 
ing the treatment effects on performance on 
such a task as used in the present study, it 
was decided to take the error measure for 
the final analysis of performance on the A-C 
task, The primary reason for this was the 
fact that it was not possible to carry on test 
trials any more than eight trials for those Ss 
“not reach the criterion of two con- 


who did 1 
However, the use of the 


secutive trials. 


error measure seemed quite justifiable in 
view of the order of correlation between the 
error and the trial measure. That is, the 
correlation coefficients observed between the 
two measures were .866 and .860 on the 
basis of performance on the attribute-coding 
and the contingent rule task, respectively, on 
which both measures were made available for 
a pooled sample of 80 Ss except for those 
under the GC condition. 

A reliability coefficient of performance on 
the A-C in terms of the error measure was 
estimated on the basis of a total of 100 Ss’ 
responses over the eight trials, which was 
found to be .945, assuming that those Ss who 
reached the criterion once would not make 
any more errors thereafter. In the actual 
analysis, however, by avoiding such an un- 
necessary assumption, performance on the 
A-C task was observed in terms of the num- 
ber of errors during the first three trials over 
which all Ss’ responses could be counted on. 
Mean numbers of errors on the A-C task are 
shown in Table 1, by different treatment 
conditions, along with mean numbers of 
crrors in the first trial. Analyses of variance 
were performed on the data obtained from 
the whole randomized block design, 5 treat- 
ments (including the GC condition) x 4 
levels of IQ. Prior to the analysis of the 
main questions, it seems necessary to check 
on the validity of the operational definition 
of the A-C task as involving the complex 
conceptual rule learning by making a con- 
trast between the overall mean of the four 
treatment conditions (ie, B-P’, B-B^, D-B', 
and D-B’,) and that of the GC condition. 
The statistical test of the contrast shows а 
significant positive transfer effect due to the 
first two component learnings, F (1, 80) = 
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35.04, р < .001, indicating the nontriviality 
of the A-C task. 

The main effect due to pretraining on the 
consistent chaining cues as opposed to the 
inconsistent chaining cues was found to be 
significant, F (1, 80) = 50.07, p < .001; and 
the ‘main effect due to the similar vs. non- 
similar labeling response was found to be 
nonsignificant, F (1, 80) = 1.07, p > .05. 
However, the interaction effect between the 
two experimental variables is significant, F 
(1, 80) = 5.04, p < .05. The first hypothe- 
sis concerns the facilitative effect of the B-B' 
condition, as compared with the B-B’, and 
D-D' conditions, although its general facilita- 
tive effect seems apparent in the significant 
first main effect for which both the presumed 
mediated associative and the nonassociative 
effects are jointly responsible. In connection 
with the first hypothesis, two individual con- 
trasts are made. One comparison of the 
B-B' with the B-B’; is obviously significant, 
F (1, 80) = 4345, р « .001; and the other 
comparison of the B-B' with the D-B' was 
found to be significant, F (1, 80) = 6.11, 
p < 025, which is a simple effect of the sig- 
nificant interaction effect. Thus, the two 
comparisons made confirm the expected 
facilitative effect of the consistent pairing of 
B and B’ with an appropriate chaining cue. 
The second hypothesis concerns the facilita- 
tive effect of the D-B’ condition, as compared 
with the D-B’,, the comparison for which is 
obviously significant, Е (1, 80) = 1170, p < 
001. Hence, it seems necessary to attribute 
the observed fact to the function of some 
process more than a sheer associative process. 
In conjunction with the significant inter- 
action effect, the other simple effect due to 
the difference between the B-B'; and the 
D-B’, condition was found to be nonsignifi- 
cant, F (1, 80) < 1.00, for which no specific 
prediction was previously made. Although 
it was not originally intended to test the 
main effect due to the four randomized 
blocks, representing different IQ levels, it is 
noteworthy that the effect was found to be 
significant, Е (3, 80 =661, p< 001, 
which indicates that there is a significant cor- 
relation between performance on the A-C and 
IQ and that the purpose of reducing error 
variance is achieved by means of a ran- 
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domized block design. The interaction effect 
between the five treatment conditions and IQ 
level, however, is nonsignificant, F (12, 80) 
= 1.04,.p > .05. 


Discussion 


The findings of the present experiment are 
generally in agreement with the expectations 
based on the two hypotheses described. That 
is to say, the facilitative condition in which 
there is consistency of B or D with B' during 
the acquisition stage facilitates the learning of 
the A-C transfer task, as compared with inter- 
ference conditions containing inconsistency of 
В or D with the re-paired B’, The observed 
fact can be taken as indicating that chaining 
cues, as defined here in terms of conceptual 
similarity between B and B’, facilitate the inte- 
gration of A-B and B'-C tasks by means of the 
mediating link of B and B'. Representing the 
consistent chaining verbally, what has been 
learned is the sequence “when a red large 
figure, choose the shape of the figure and read 
the value of the shape dimension.” 

Furthermore, the mediating cue function of 
the label of stimulus-as-coded (the concept red 
large figure) which is a result of responding 
with the В (i.e, 1, 2, 3, 4) is demonstrated to 
be facilitative as compared with the labeling 
response with the D (ie, a, b, c, d) which 
represents the same concept (red large figure), 
although the facilitative effect holds only when 
the chaining is consistent, as previously de- 
scribed. With reference to Kendler and Kend- 
ler's (1962) note as to the need for the investi- 
gation of the cue function of words or labels. 
it is interesting to observe the importance of 
the formal characteristics of labels. The pres- 
ent finding implies that a learned concept is 
more likely to be integrated with others when 
it is properly labeled in terms of the formal 
similarity of the two units to be integrated. 

The observed facilitative effect of the B-B’ 
condition, as compared with the other condi- 
tions, can be interpreted as a result of media- 
tional facilitation for which both the associative 
and the nonassociative process are jointly re- 
sponsible, as has been postulated previously. 
In this connection, it is to be recalled that by 
definition the presumed chaining cues embedded 
in the B-B’ condition can be characterized as 
having two favorable aspects, consistent pairing 
and similar labeling. Thus while the mean dif- 
ference between the B-B’ and the B-B', condi- 
tions in terms of the criterion measure (i65 
13.20) can be regarded as a joint effect of 
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associative as well as nonassociative facilita- 
tion, the mean difference between the D-B’ and 
the D-B’, condition (ie. 6.85) can be attrib- 
uted mainly to a nonassociative mediated facili- 
tation. This amounts to another way of ex- 
amining the significant interaction effect which 
was already mentioned. The position of the 
nonassociative mediated íacilitation appears to 
be further supported by the fact that the mean 
performance of the inconsistently paired condi- 
tions, B-B’, and D-B', is significantly better 
than that of the warm-up with stimulus famili- 
arization condition, GC, F (1, 80) — 6.18, p< 
.025. 

Although the exact nature of the mediating 
mechanism involved in linking B and B' has 
not been directly investigated in the present 
study, what seems likely to have happened would 
be one of three events: (a) a bidirectional 
matching process via association between D 
and B' (a rule formulation process), with pro- 
vision that the previous learnings, A-B and 
B'-C, are highly available at the time of the 
A-C learning; (b) a unidirectional forward 
association between В and B’ considering the 
sequence of the tasks given (ie. А-В, B’-C) ; 
and (c) a unidirectional backward association 
in the direction of С B'— B — A (eg. tri- 
angle — shape — one — large red) considering 
the nature of the instructions given at the out- 
set of the A-C task. The first of the three 
mediating mechanisms seems most likely to 
have happened considering the reasonable as- 
sumption of availability of the two tasks, A-B 
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and B'-C. That is, if the two elements, B and 
B' as acquired in the А-В and the В'-С, are 
highly available at the time of the A-C learn- 
ing, A-C performance on the first criterion 
trial should show the treatment differences 
already to exist. In order to examine this 
assumption, another analysis of variance was 
performed on the mean number of errors on 
the first trial, as shown in Table 1. The result 
of the analysis was essentially the same as the 
main analysis presented, as can be seen from 
the same order of the magnitude of the means, 
suggesting that the bidirectional process seems 
more likely than the others for the mediating 
mechanism. 


REFERENCES 


Gacxé, R. M. Problem solving. In A. W. Melton 
(Ed.), Categories of human learning. New 
York: Academic Press, 1964, 

KexpLER, Н. H., GLUCKSBERG, S, & Keston, R. 
meme and mediation in concept learning. 
ournal of Experimental Psych , 
repe Ychology, 1961, 61, 

Кехив, Н. H., & Kenpter, T. S. Vertical and 
horizontal processes in problem solving. Psycho- 
logical Review, 1962, 69, 1-16, ` 

Kenoter, Н. H. & Woerner, M. Nonreinforce- 
ments of perceptual and mediating responses in 
concept learning. Journal of Experimental Psy- 
chology, 1964, 67, 591-592. ` 

Lee, S. S. Transfer from lower-level to higher- 
level concept. Journal of Verbal Learning and 
Verbal Behavior, 1968, 7, 930-937. 


(Received July 31, 1968) 


Journal of Experimental Psycholog. 
1969, Vol. 80, No. 3, 475-482 á 


SAMPLING WITHOUT REPLACEMENT AND INFORMATION 
PROCESSING FOLLOWING CORRECT RESPONSES 
IN CONCEPT IDENTIFICATION 


IRWIN D. NAHINSKY ! лхр FRANK L. SLAYMAKER 


University of Missouri 


Three 2X2 Latin square experiments in concept identification were per- 
formed, each involving the balancing of two concepts with respect to 
presentation order. The three experiments involved, respectively, overlap 
of no values, one value, and two values between instances and noninstances of 


the concept. 


Blank-trial series were included to assess the pattern of 


hypothesis sampling. Results indicated that Ss sampled subsets of hypotheses 
compatible with an initial instance and narrowed down possible hypotheses in 
accord with incoming information on both instances and noninstances. 


A number of investigators have developed 
mathematical models for concept identifica- 
tion (CI), many of which rely on all-or-none 
assumptions. Restle (1962) presented a CI 
model in which he assumed sampling of hy- 
potheses with replacement following each 
error. His model does provide for a process 
by which a given subset of sampled hypothe- 
ses might be reduced to a correct one in ac- 
cordance with increasing information. How- 
ever, if more than one hypothesis is sampled 
and S ultimately learns the correct one, a 
model of this type would require additional 
elaboration before an adequate explanation 
of the CI process is achieved. 

Bower and Trabasso (1964) presented a 
model, applicable to CI tasks involving one 
relevant attribute, which implied a two-stage 
all-or-none learning process. They assumed 
that S maintains a sampled hypothesis until 
he errs, whereupon he resamples with re- 
placement from the entire hypothesis pool. 
These authors postulated chance probability 
of correct responding until the conditioning 
trial, after which the correct response 15 
always made. These assumptions impose 
severe restrictions on S's information pro- 
cessing and memory capacities, and indeed 
T'rabasso and Bower (1964b) found that Ss 
did show some recall for prior stimuli. Tra- 
basso and Bower (1966) subsequently weak- 
ened the sampling-with-replacement axiom 


1 Requests for reprints should be sent to Irwin 
D. Nahinsky, Department of Psychology, Univer- 
sity of Missouri, Columbia, Missouri 65201. 


to allow for memory of the error trial and 
the trial preceding it. The postulated process 
entailed temporary elimination of hypotheses 
inconsistent with response assignments on 
these two trials. With this revision, they 
found compatibility between cue reversal 
data and theory. 

All-or-none models have been extended to 
deal with conjunctive CI tasks with two 
relevant attributes. Trabasso and Bower 
(1964a) gave evidence that the four-category 
CI problem is solved as two independent 
part problems. That is, each two-valued 
relevant attribute is learned independently of 
the other. This assumption derives from a 
model presented by Bourne and Restle 
(1959). Although the four-category prob- 
lem differs from the usual CI task, the evi- 
dence suggests that conjunctive CI involves 
independent learning of a set of component 
tasks. 

Recent evidence presented by Levine 
(1966), who investigated a discrimination 
task, and Nahinsky (1968) casts doubt on 
both the sampling-with-replacement axiom 
and the assumption of no information pro- 
cessing during correst response trials. Both 
authors reported detailed analyses which 
may have been more sensitive to hypothesis 
change than the usual analyses based only on 
error-correct response sequences in the 
binary classification task. Levine, using a 
“blank-trial” procedure which allowed for 
assessment of S's tentative hypotheses at 
various stages of learning, found evidence 
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that Ss could narrow down the hypothesis 
pool as learning progressed and that infor- 
mation processing did occur after correct re- 
sponses. Levine, Leitenberg, and Richter 
(1964) and Izawa (1967) have shown that 
neither learning nor forgetting occurs on 
blank trials. Thus blank-trial analyses 
should yield stable pictures of hypothesis 
sampling patterns. 

Nahinsky (1968) asked Ss to guess the 
concept after a fixed number of trials in a 
conjunctive CI task which involved two 
relevant attributes. He found a significantly 
higher proportion of Ss learned the concept 
without errors than would be predicted un- 
der the assumption of no information pro- 
cessing during correct responding. In addi- 
tion, he found that neither the sampling-with- 
replacement axiom nor its modification pre- 
viously cited could adequately account for 
the data. 

The present experiment was an attempt to 
provide a further test of the sampling-with- 
replacement axiom and the assumption of 
no information processing during correct re- 
sponding in a conjunctive CI task situation. 
Blank-trial series were used in an attempt to 
assess hypothesis distributions at various 
stages and to provide evidence about the 
possibility that the conjunctive CI task with 
two relevant attributes is solved as two inde- 
pendent part problems. In addition, blank- 
trial analyses are presented which suggest 
ways in which the hypothesis sampling and 
rejection process occurs. In particular, an 
effort is made to examine how the sampling 
of a number of hypotheses might lead to the 
solution. Thus there is an attempt to link 
multiple-hypothesis sampling of the type sug- 
gested by Restle (1962) to observable choice 
behavior. 


METHOD 


Apparatus—The stimuli were printed on 3X5 
in. cards and varied in three dimensions: (a) shape 
of figures—crosses, circles, or squares; (b) shading 
of figures—black, striped, or white; and (c) num- 
ber of figures—one, two, or three. 

The experiment was conducted in a distraction 
free, enclosed cubicle. A screen separated E and 5 
during the session. ui 

Subjects.—The Ss were 90 students in intro- 
ductory psychology whose participation fulfilled a 
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course requirement. The Ss in cach of three con- 
ditions to be described were asked to learn two 
conjunctive concepts in succession in which two of 
the three stimulus attributes were relevant. There 
were 30 Ss for each condition; 15 Ss within each 
presentation order. The Ss were assigned upon 
appearance to presentation groups in rotation, with 
one replication of the six condition orders before 
each succeeding replication. 

Procedure.—The experiment entailed three 2 X 2 
Latin square designs, each of which involved two 
concepts balanced with respect to presentation order 
over two groups. Design 1 involved presentation of 
stimuli such that the concept instances and non- 
instances for feedback trials had no attribute values 
in common. The two concepts for this design were 
"shaded circles" (A) and "three crosses" (B). 

Designs 2 and 3 involved overlap between in- 
stances and noninstances. For one problem in cach 
design, each instance overlapped two of the four 
feedback noninstances only on the irrelevant at- 
tribute value, with no overlap for the other two 
feedback noninstances. For the second problem, the 
overlap relationships were the same except that one 
of the feedback noninstances overlapped one of the 
instances by both an irrelevant and a relevant at- 
tribute value. The concepts for Design 2 were 
"shaded circles" for the two-value overlap condition 
(Concept «) and "two black figures" for the one- 
value overlap condition (Concept 8). The concept- 
condition pairings were reversed for Design 3, 
with "shaded circles" designated a' and "two black 
figures” designated В’ for this design. 

Each Design 1 problem consisted of two instances 
with feedback for the responses (Rs), each followed 
by a randomized blank-trial set and two non- 
instances with feedback. Each problem for Designs 
2 and 3 consisted of two feedback instances, each 
followed by a blank-trial set and four feedback 
noninstances in random order. After the first 
cycle, the stimuli were randomized for a second, 
similar presentation with the restriction that thc 
last feedback stimulus of the first cycle was not the 
first stimulus of the second cycle. After the second 
cycle, S was asked to guess the classification rule. 

Each blank-trial stimulus overlapped the instance 
it followed by exactly one pair of attribute values, 
and the three stimuli represented all possible over- 
lapping pairs. No blank-trial stimulus duplicated 
any of the feedback stimuli. The initial stimulus 
shown was always a randomly selected instance. 

All Ss were presented initially with the same 
practice problem. The Ss were instructed to 
classify each stimulus as an instance or noninstance 
on the basis of what he thought the concept to be. 
The practice problem consisted of an initial instance 
of the concept “two squares,” followed by six stim- 
uli in random order, two of which were instances of 
the concept. The E handed S each card in turn, 
whereupon S made his classification and received 
feedback about the correctness of the classification. 
The S was asked to guess the concept at the end 
of the first random cycle. If he did not solve the 
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problem, the seven stimuli were randomized and the 
procedure repeated. Ii S could not solve the prob- 
lem after two cycles, he was excluded from the 
study. Only one S was excluded. 

Remaining Ss were presented the experimental 
problem in the order specified by his condition. 
Each S was instructed that the experimental prob- 
lem was the same in nature as the practice problem 
except that some Rs (the blank-trial Rs) would 
receive no feedback. The S was assured that this 
lack signified nothing about R correctness. The 
structions were similar to those used by Levine 
(1966). i 

After the first problem was completed, the second 
problem was presented using the same procedure., 


RE 


ULTS AND DISCUSSION 

The findings will be discussed under a 
series of headings which relate to theoretical 
issues, the most important of which were 
considered in the introduction. 

Error data.—Table 1 shows the means for 
concepts, orders, and conditions for each of 
the following three variables: total errors, 
errors on noninstances, and errors on in- 
stances. Each of these three variables were 
subjected to the appropriate ANOVA. For 
errors on instances, Design 1 revealed a sig- 
nificant effect only for concepts, (1, 28) = 
5.85, р < .05, with more errors for the A con- 
cept than for the B concept. No other design 
produced significant concept effects. There- 
fore, the evidence is not great for strong 
differential learning difficulty for various 
concepts. There was a significant presenta- 
tion order effect for Design 2, F (1, 28) = 
5,32, р < .05, with more errors for the group 
which received the а problem than for the 
group which received the В problem. Con- 
cept a involved more overlap between in- 
stances and noninstances than did 8 in 
Design 2. Presentation of the problem with 
the greater overlap first may have led to 
more errors as a result of lesser practice on 
СІ. Design 3 did not show a comparable 
result. Thus it is difficult to infer a sys- 
tematic effect of the type previously de- 
scribed. No other instance-errors results 
yielded significance, 

The analysis for noninstance errors pro- 
duced significance only for the between-con- 
cepts variable for Design 2, F (1, 28) — 
11.92, р < .01, and for Design 3, F (1, 28) 
= 540, р < .05. In both cases, the problems 
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TABLE. 1 


MEAN S-PROBLEM VALUES FOR CONDITIONS AND 
Concepts FOR TOTAL Errors, Errors 
ON NONINSTANCES, AND ERRORS 
ОХ INSTANCES 


De- | 6 Errors on Total 
ча | Variable gnom o E 
1 | Concept means 
2 567 000 567 
B 200 .007 .267 
Condition means 
| A-B 833: 1033 367 
| BA "433. | .033 | .167 
2 | Concept means 
a 2633 A67 1.100 
567 000 .507 
Condition means 
a-p 167 367 
8-а 433 100 
3 Concept means 
а! .700 100 
8' 500 400 
Condition means 
«'-8' 4433 167 
B'-a* 767 933 


with greater overlap between instances and 
noninstances showed more errors on nonin- 
stances. This result would be expected be- 
cause an increased overlap between instances 
and noninstances increases the probability 
of sampling hypotheses compatible with cue 
combinations on noninstances. 

The ANOVA for total errors revealed sig- 
nificant effects only for Design 2. Concepts 
differed significantly, F (1, 28) = 5.35, p < 
:05, with the a problem showing the greater 
number of errors. This result no doubt re- 
flects the similar outcome for noninstance 
errors. The difference between Design 2 
presentation orders was significant, F (1, 
28) = 844, p « .01, a finding which ap- 
parently is attributable to differential per- 
formance on instances. Note that order 
yielded no significant effects. Therefore, 
error data proved to be insensitive to prac- 
tice effects. 

Hypothesis vs. attribute-value sampling.— 
Patterns of Rs on blank trials were used to 
analyze hypothesis selection by Ss. The 
frequencies for number of blank-trial stim- 
uli classified as instances were tabulated for 
the first blank-trial series for each problem. 
These frequencies are shown in Table 2. 
Blank-trial series which involved exactly two 
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NuMBER OF INITIAL BLANK-TRIAL STIMULI 
CLASSIFIED AS INSTANCES 


Blank trials 
Problem 

0 1 2 3 
A 0 14 12 4 
B 0 11 15 4 
a 0 19 7 4 
B 1 13 11 5 
а! 0 14 11 5 
8' 1 13 13 3 


positive Rs are of particular interest. If S 
samples attribute values from the initial in- 
stance independently of one another and 
responds positively only when two sampled 
values appear on a stimulus, then positive Rs 
to any two blank-trial stimuli should be asso- 
ciated with a positive R to the third. As 
Table 2 shows, Ss responded positively to 
exactly two blank-trial stimuli for 69 of the 
180 S problems. This proportion indicates 
that if one assumes Ss sampled cues and re- 
sponded on the basis of two dimensions, they 
sampled hypotheses, rather than attribute 
values independently of one another. 

One might contend that Ss sampled only 
one attribute value with nonzero probability 
and then classified positively those stimuli 
which had the value. This assumption would 
account for the large number of times that 
exactly two blank-trial stimuli were called 
instances because each value on the initial 
instance appeared on exactly two of the 
blank-trial stimuli. The protocols for over- 
lap conditions were examined for cases in 
which S selected just two blank-trial stimuli 
with a noninstance immediately following the 
blank trials. These protocols were in turn 
narrowed down to 14 cases for which non- 
instances contained an attribute value which 
was the same as one common to the two 
preceding blank-trial stimuli selected. If 
‘Ss responded on the basis of one value, these 
noninstances should have been positively 
classified. Only 2 of the 14 stimuli were so 
classified. This result essentially corrobo- 
rates an earlier finding reported by Nahinsky 
and McGlynn (1968). . 

To explore the above inference further, 
all noninstances immediately following blank 
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trials and overlapping the initial instance by 
one value were tabulated. Since blank-trial 
stimuli overlapped the initial instance by 
exactly two values, the probability of classi- 
fying these stimuli positively should be 
twice that of positive classification for the 
noninstances with one-value overlap if Ss 
sample single cues randomly and independ- 
ently. The total proportion of positive Rs to 
blank-trial stimuli was divided by two to 
arrive at a predicted proportion for the 50 
post-blank-trial noninstances which over- 
lapped the initial instance by one value. 
There were four positive Rs, a number which 
differed significantly from е predicted 
13.75, z = 2.93, p < .005. Thusa sampling- 
of-single-cues assumption seems untenable. 

These results are contrary to those cited 
earlier for the four-category problem. The 
discrepancy may be attributable to certain 
differences between the two tasks. The four- 
category problem presents S with an orthog- 
onal double classification scheme, which 
may induce a set to respond independently to 
the two dimensions. In addition, learning 
by single cues instead of by cue combinations 
would entail mastery of only two subprob- 
lems rather than four. Also, S is rewarded 
for solving one subproblem by an increase in 
correct R probability from one-fourth to one- 
half. None of the above conditions apply to 
the two-category problem. 

The preceding discussion has been based 
largely on the assumption that Ss sampled 
hypotheses exclusively from those compatible 
with the initial instance. If Ss sampled hy- 
potheses other than those associated with the 
initial instance, then they should have re- 
sponded positively with some frequency to 
noninstances immediately following blank 
trials. Such sampling should have occurred 
even when noninstances had no hypothesis 
overlap with the first instance. An inspec- 
tion of Rs to noninstances following blank 
trials revealed no positive Rs for 44 stimuli 
in the no-overlap condition and two positive 
Rs for 51 stimuli in the one-value overlap 
condition. In both of these conditions, the 
noninstances had no possible hypothesis 
overlap with the initial instance. Therefore, 
the tendency to sample from hypotheses not 
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in accord with the initial instance was, at 
most, slight. 

Saliency of cue combinations—The pro- 
portion of blank-trial stimuli evoking posi- 
tive Rs was tabulated for each blank-trial 
stimulus for each of the blank-trial sets for 
a given initial instance. Design 1 had four 
such sets, two for each problem, and Designs 
2 and 3 combined had four such sets, also two 
for each problem. Designs 2 and 3 were 
combined because their presentation condi- 
tions did not differ until after the initial 
blank trials. The tabulations were over all 
orders of appearance for cach stimulus. Cor- 
related proportions chi squares were com- 
puted for each of the sets to test for saliency 
of cue combinations. Three sets yielded sig- 
nificance: the one-shaded-circle set and the 
two-shaded-circles set of Design 1, x? (2) = 
10.13, р < .01, and x? (2) = 10.36, р < .01, 
respectively ; and the two-black-circles set of 
Designs 2 and 3, x? (2) = 6.72, p < .05. 
The one-circle and the two-circles combina- 
tions were the most salient hypotheses. 
Thus hypotheses which involve circles 
seemed to have superior attention value. 

Independent hypothesis sampling.—In 
view of the evidence that Ss sampled hy- 
potheses, chi-square analyses were per- 
formed to test the hypothesis that Ss sam- 
pled these hypotheses randomly and inde- 
pendently. The total proportion of positive 
blank-trial Rs was computed for each blank- 
trial set which did not reveal a significant 
saliency effect. These proportions were used 
to estimate the common sampling probability 
for all hypotheses in the set. Tests for bi- 
nomial distribution of number of hypotheses 
sampled per S set were performed. Only the 
one-shaded-circle set for Designs 2 and 3 
produced a significant deviation from binomi- 
ality, x? (2) = 10.18, p < 0l. Contingency 
chi squares were computed for each of the 
three blank-trial stimulus pairs for those sets 
with significant saliency effects. Not one 
of the nine tests showed a significant de- 
parture from independence. Therefore, the 
evidence indicates a strong tendency for 55 
to sample hypotheses randomly and inde- 
pendently of each other. ý 

Position effects.—Positive Rs to blank- 
trial stimuli were tabulated by position over 
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all stimuli for the two concepts of Design 1 
and for the two concepts of Designs 2 and 3. 
Correlated proportions chi squares showed 
significant position effects for the two con- 
cepts of Designs 2 and 3: x? (1) = 20.12, 
p < 001, for shaded circles; and x? (1) = 
9.88, p < .01, for two black figures. In both 
instances, the third blank trial showed the 
smallest number of positive Rs, a finding 
which suggests some short-term decay ef- 
fect. There were no significant position 
effects for Design 1. The small decay effect 
would probably tend to make estimates of 
sampling rates a little conservative. 

Information processing during correct re- 
sponding.—Examination of problems оп 
which Ss made no errors allows us to make 
an analysis of how information is processed 
during correct R trials. Table 3 shows the 
proportions of Ss who were learners with no 
errors and of Ss who were learners with one 
error under each of the presentation condi- 
tions for the first and second problems pre- 
sented. These data provide some tests of 
axioms of the all-or-none theory if one con- 
siders certain predicted probabilities. Sup- 
pose S maintained a hypothesis with no 
change as long as he responded correctly. 
Further, suppose 5 sampled randomly from 
the three possible hypotheses compatible with 
the initial instance. Then one-third of the 
Ss would be expected to sample the correct 
hypothesis at the outset and subsequently 
make no errors. For the no-overlap condi- 
tion, there were 20 of 30 learners with no 
errors on the first problem and 17 of 30 
learners with no errors on the second prob- 
lem. In each instance, the number was 
significantly greater than the predicted 10, as 
shown in Table 3. This is compatible with 
the hypothesis that 5s do indeed process in- 
formation during correct R trials in order to 
narrow down the range of possible solutions 
and corroborated an earlier finding reported 
by Nahinsky (1968). 

The analysis for no-error learners was per- 
formed for each of the other two overlap con- 
ditions for both first and second problems. 
No significant departures from predicted val- 
ues were found. It is possible that the pres- 
ence of overlap between instances and non- 
instances tempted Ss to change hypotheses 
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TABLE 3 
Concept IDENTIFICATION PERFORMANCE FOR Ss WITH Less THaN Two Errors 


| Ss with no errors 


| Ss with one error 


Cond. First problem Second problem | First problem | Second problem 
| 
N JEN) ewer | N | E(N)| ту-ющх› | Nr | ку | Зац | xt ges | sene 
No overlap 20 | 10 | 3.68***| 17 | 10 | 2.52** 4 | 1.11 | 240* 9 | 144 | 623*** 
One-value overlap 12 | 10 58 10 | 10 | 00 11 | 1.89} 6.61*** | 15 | 2222 git 
Two-value overlap 8 | 10 | —.58 15 | 10 | 1.75 | 14 | 2.44 | 7.50*** | 10 | 1.67 | 6.44** 
Note.—N = number with no errors and learning concept; № = number with one error and learning concept; E(N) = num- 
ber expected if hypothesis is not changed after correct Rs; E(N’) = number expected with sampling with replacement and hypo- 
thesis is not charged after correct Rs. 
жр < .05. 
** > < 02. 
*** 5 < .001. 


early, even during correct responding. The 
result also corroborates earlier findings of 
Nahinsky (1968). 

Further evidence about information proc- 
essing during correct R trials derives from 
data for Ss who made no errors between the 
first and second presentation of the initial 
instance. Since the sets of blank-trial stim- 
uli following both of these presentations are 
identical, comparisons between the first and 
second sets of blank-trial Rs should indicate 
changes in patterns of hypotheses іп S's sam- 
ple. There were 89 protocols for which no 
errors intervened between the first and sec- 
ond presentation of the initial instance. In 
21 of these cases, S selected only the blank- 
trial stimulus which corresponded to the 
correct hypothesis and subsequently made 
no errors on any trials. In 24 cases, S re- 
sponded positively to two of the three initial 
blank-trial stimuli, including the stimulus 
which represented the correct hypothesis, 
and subsequently responded positively to 
only the correct hypothesis stimulus on the 
next blank-trial presentation. Twenty Ss 
responded positively to all initial blank-trial 
stimuli and narrowed their sample to the cor- 
rect stimulus on the next blank-trial presen- 
tation. In eight cases, 5 responded posi- 
tively to only one card, a stimulus represent- 
ing a wrong hypothesis, and subsequently 
sampled only the correct hypothesis on the 
next blank-trial set. Only seven protocols 
revealed no change in pattern of blank-trial 
Rs, if the 20 protocols with an initial correct 
guess are excluded. Thus this blank-trial 


analysis revealed a general tendency to nar- 
row the hypothesis pool down to the correct 
cue combination over correct R trials. 
Sampling-with-replacement axioms.—The 
data for one-error learners were analyzed, 
with results summarized in Table 3. Un- 
der the modified sampling-with-replacement 
axiom (Trabasso & Bower, 1966), an error 
is followed by elimination of all inconsistent 
R assignments on the error trial and the 
preceding trial Since one attribute is ir- 
relevant, S may eliminate this attribute after 
an error and narrow his hypotheses down to 
those involving the two relevant attributes 
which include 3° = 9 possible hypotheses. 
Thus assuming random sampling of hypothe- 
ses, S should have, at most, one chance in 
nine of sampling the correct hypothesis after 
his initial error. Therefore, if there is no 
hypothesis shifting after correct Rs, at most 
one of nine Ss who make at least one error 
would be expected to make no more than one 
error and then guess the correct hypothesis. 
Table 3 shows the observed number of one- 
error learners for cach condition on first and 
second problems presented. In all instances, 
the values were significantly greater than 
predicted, as shown in Table 3. The statis- 
tics used tested the validity of two axioms 
jointly. Hence, if sampling with replace- 
ment held, the observed values might have 
resulted from hypothesis shifts after correct 
Rs and visa versa. In view of the fact that 
predicted values under all-or-none axioms 
were optimal, the departures from them are 
even more noteworthy. These results were 
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obtained over three different concepts, differ- 
ing among themselves with respect to both 
attribute values and attributes. Therefore, 
it would be difficult to attribute results to 
mere differential saliency of cues. These re- 
sults corroborate an earlier finding (Nahin- 
sky, 1968). 

In the light of the preceding evidence, an 
appropriate test of the sampling-with-re- 
placement notion would provide for the possi- 
bility of sampling more than one hypothesis 
following an error, An analysis was per- 
formed on the 78 protocols for which an 
error was made on the first feedback in- 
stance following the initial instance. Com- 
parisons were made between performance on 
the blank-trial stimuli preceding and on the 
blank-trial stimuli immediately following the 
error, The former blank-trial set was, of 
course, the initial set, which revealed the 
pattern of hypotheses selected on the first 
instance. Frequencies of number of hy- 
potheses selected, both for hypothesis sam- 
ples including and not including the correct 
hypothesis, are tabulated in Table 4 for 
blank-trial stimuli before and after the in- 
stance error. If strict sampling with replace- 
ment holds, Ss should start anew after an 
error and exhibit the same distribution of 
hypothesis patterns after the error that they 
showed after the initial instance. А chi 
square which compared the two distributions 
was highly significant, x? (3) = 96.57, p< 
001, a result which indicates that Ss do not 
start all over again after an error. It is 
1 the shift in frequencies that 
Ss gravitated to hypothesis 
contained the correct hy- 


apparent fron 
after an error, 
samples that 
pothesis. А 

A further analysis of Table 4 provides a 
test of the modified sampling-with-replace- 
ment axiom as it might be applied to 
multiple-hypothesis sampling. Assume, first, 
that the modified axiom holds. Further sup- 
pose that S eliminates all hypotheses not 
consistent with the outcome of the error trial. 
Then, it can easily be shown that the elimi- 
nation of the greatest number of wrong 
hypotheses would occur on an error on an 
instance immediately preceded by an in- 
stance. In this case, the one irrelevant 
attribute varied between the two stimuli 
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TABLE 4 


HYPOTHESIS PATTERNS ON BLANK-TRIAL STIMULI 
BEFORE AND AFTER INSTANCE ERROR 
ON THE First FEEDBACK INSTANCE 


Frequency of 
pattern 
No. of hypotheses sampled 3 
Before | After 
an in- | an in. 
stance stance 
error error 
Including the correct hypothesis 
1 3 50 
2 8 21 
3 2 
Not including the correct hypothesis 
0 2 2 
1 49 3 
2 14 1 


Note.—N = 78; x? (3) = 96.57. р < .001. (Categories with 
small expected frequencies were pooled.) 


would be eliminated by the local consistency 
check, and S would sample from the pool 
of the nine hypotheses associated with the 
two relevant attributes. The only additional 
hypothesis that S could eliminate using the 
error-trial stimulus alone would be associated 
with the two relevant attributes. However, 
the relevant attribute combination for this 
stimulus is the correct hypothesis. Thus 5 
could narrow his hypothesis pool down to no 
less than nine by local consistency and one- 
trial memory. If S does indeed narrow his 
hypotheses pool in the manner described, one 
would expect that a random sampling from 
the reduced pool would produce patterns in 
which, at most, one in nine of the samplings 
would be of the correct hypothesis. Of the 
100 blank-trial stimuli eliciting positive Rs 
after the instance error, 72 were stimuli 
associated with the correct hypothesis. This 
proportion departed significantly from the 
predicted one-ninth, z = 19.38, р < .001. In 
view of the fact that the analysis was over а 
number of problems, it would be difficult to 
explain the results in terms of differential 
saliency. 

It should be noted that the preceding tests 
apply to an adaptation of the sampling-with- 
replacement notion to a situation that in- 
volves the learning of cue combinations. 
Hence, the results do not necessarily apply 
to the cue learning problems for which 
Bower and Trabasso (1964) and Restle 
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(1962) developed their models. However, 
the findings do pertain to possible extensions 
of the sampling-with-replacement concept. 
The results suggest the possible fruitfulness 
of some revision of Restle's model to allow 
for Ss’ maintaining a subset of tenable hy- 
potheses even aíter an error. 

Individual differences.—Individual differ- 
ences in sampling strategy were assessed by 
examining the relationship between number 
of blank-trial stimuli selected on the first 
problem and the corresponding number se- 
lected on the second problem for each 5. 
A chi-square analysis of the resulting con- 
tingency table was performed.  Aíter ex- 
treme categories were pooled to eliminate 
small expected frequences, a significant rela- 
tionship was found, x? (2) = 33.09, p< 
.001. The corresponding phi coefficient was 
.61. Thus there were significant individual 
differences in hypothesis sampling behavior, 
with some Ss consistently sampling more 
hypotheses than others. Such individual 
variation would have to be considered in the 
derivation of CI models. 
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INTERPOLATED LISTS 
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Two experiments were conducted to determine the effects of original-learning 
(OL) dominance and multiple interpolated responses on retroactive inhibition 
(RI). In Exp. I, both OL and interpolated-learning (IL) lists were 
alternated. Because RI decreased only slightly as number of IL alternations 
Increased, it was concluded that OL dominance by itself does not have a 
strong effect on RI. In Exp. II, number of IL responses was varied in 
A-B, A-D and A-B, C-D paradigms. RI increased with increasing IL 
responses in both paradigms, but the change was greater with low interlist 
stimulus similarity. These data indicate that with multiple interpolated lists, 
number of interfering responses per se and not list dominance is the 


important factor for RI. 


The conventional interference theory in- 
terpretation of retroactive interference (RI) 
rests on the assumption that while learning 
an interfering list, the unreinforced elicita- 
tion of List 1 responses leads to their extinc- 
tion and subsequent nonavailability in a 
recall test. This assumption has been tested 
in a variety of studies, but the one of particu- 
lar concern here is that of Postman (1965). 
His Ss, after mastering List 1, were given 
varying numbers of interpolated lists, and 
RI was found to increase as number of 
interfering lists increased. Postman ex- 
plained these results in terms of the relative 
dominance of old and new habits. Trials per 
list and, consequently, strength of associa- 
tions were inversely related to number of 
lists. Therefore, the more interpolated re- 
sponse sets, the longer List 1 associations 
remained dominant as error tendencies and 
the greater the opportunity for extinction 
of these associations. А 

Interpretation of these data was compli- 
cated by the fact that degree of List 1 domi- 
nance was perfectly correlated with number 
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of different responses attached to the same 
stimulus. Changes in RI could have been 
caused by either one or both of these factors. 
Goggin (1968) subsequently measured the 
effect of List 1 dominance on RI keeping 
the number of interfering responses constant. 
Two interpolated lists were used and domi- 
nance was manipulated by alternating these 
two lists. When alternations were frequent, 
fewer correct responses were made and there 
were more opportunities for intrusions. 
However, contrary to expectations, RI de- 
creased as number of alternations increased. 

Two possible reasons for the discrepancy 
between the results of Postman (1965) and 
Goggin (1968) were suggested. The first 
concerned stimulus generalization decrement. 
Stimulus similarity is known to have a strong 
effect on RI. In the latter study, as fre- 
quency of list alternations increased, the 
more dissimilar the learning conditions of 
original learning (OL) and interpolated 
learning (IL) became. This should reduce 
RI. Experiment I investigated this possibil- 
ity. Two lists were alternated during OL; 
frequency of list alternation in IL was the 
independent variable. It was predicted that 
as the alternation patterns in OL and IL 
became more similar, the amount of RI 
would increase. 

'The second possible reason for the dis- 
crepant results is that the number of re- 
sponses presented during IL is an im- 
portant factor in producing interference over 
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and above the effect that it has on list domi- 
nance. This possibility was examined in 
Exp. П where number of IL responses was 
varied in an A-B, A-D and an A-B, C-D 
paradigm. If new responses affect List 1 
recall for reasons other than list dominance, 
then both paradigms should show increasing 
RI as number of interfering responses in- 
creases. 


EXPERIMENT І 
Method 


Design.—Two experimental groups and опе con- 
trol group first learned simultaneously two lists of 
paired associates (L-1 and L-2). The experi- 
mental groups were then given two additional lists 
(L-3 and L-4). Stimuli were identical in all lists, 
but the responses were different. In OL, the lists 
alternated, with one trial being given on one list 
before switching to the other. During 16 trials of 
IL, L-3 and L-4 were both presented eight times. 
Group IL-15 received the same pattern of alter- 
nation as in OL; i.e., the lists were alternated on 
each trial. Group IL-1 received eight consecutive 
trials on L-3 before switching to L-4. The control 
Ss (Group IL-0) received only OL. Thus, the 
group designations refer to the number of list alter- 
nations during IL. Recall was tested by modified- 
modified free recall (MMFR) followed by an 
S-R matching test. 

Materials.—Four lists of eight paired associates 
were needed, with two for OL and two for IL. 
The stimuli, identical for all lists, were CVCs of 
from 45% to 55% association value (Archer, 
1960). Each vowel was used twice and each 
consonant was used once. Responses were familiar 
two-syllable adjectives. Formal and semantic simi- 
larity were made as low as possible both between 
and within lists. The sequence of the lists was 
completely counterbalanced. There were four dif- 
ferent orders of pairs for each list and each was 
used as the starting order equally often. 

Procedure.—The pairs appeared on a memory 
drum at a 2:2 sec. rate; the intertrial interval was 
4 sec. Prior to OL, Ss were told that the two 
lists would alternate on each trial and that E would 
say "change" between lists as a reminder. A study 

trial on each list in which Ss spelled aloud the 
CVCs and pronounced the responses preceded 
anticipation learning. Presentation of both lists 
continued until a criterion of 1 correct was reached 
on each list. 

The experimental Ss were then told that they 
would be given two additional lists with the same 
stimuli as before but with new responses. They 
were informed that the lists would again alternate 
with from one to eight trials on a list per alterna- 
tion and that E would say "change" as a warning. 
The Ss were encouraged to guess the first time 
through each of the lists so that anticipation oc- 
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curred on all 16 trials. The OL-IL interval was 
4.5 min. A 15-sec. interval was interposed between 
Trials 8 and 9 during which time the windows were 
changed from the right-hand to the left-hand side 
of the drum. Group IL-0 worked arithmetic prob- 
lems for a period equal to that needed by the 
work groups for IL. For all Ss, recall followed the 
end of OL after 16.5 min. : 

Recall was tested by first giving Ss a list of 
the stimuli in alphabetical order. They were in- 
structed to write in any order the words paired 
with each CVC. А blank was provided at the 
bottom of the page for responses whose S-R pairing 
was not remembered. The Ss were then asked to 
identify the list membership of the words. A 5-min. 
period was allotted for MMFR. 

The Ss were next given the S-R matching test- 
The stimuli were numbered and appeared in alpha- 
betical order. The responses, also alphabetized, 
were arranged either in four columns in the order 
in which the lists had been presented (work 
groups) or in a single column (control group). 
The Ss were told to put the number of the stimulus 
beside the response with which it had been paired 
and to guess if necessary. No time limit was im- 
posed on this task. 

Subjects—A total of 72 University of Michigan 
students served as paid Ss, with 24 in each of the 
three groups. The Ss were assigned to groups in 
blocks of three, with each group being represented 
in each block. Order of Ss within blocks was 
determined by a table of random numbers; assign- 
ment of list sequences and starting orders was also 
random within counterbalancing restrictions. Five 
Ss were discarded for failure to reach the OL cri- 
terion; these Ss were not concentrated in any one 
group. 


Results 


Original learning. Degree of OL was 
measured in two ways. First, trials to List 
1 and List 2 criteria were averaged for each 
S. The overall mean of these scores was 
14.56 (SD — 9.5). The second measure of 
OL was the number of trials given on the 
first two lists. If criterion on the two lists 
had not been reached simultaneously, over- 
learning trials on one of the lists werc 
given. The trials on each list were averaged 
for each S, and the overall mean of these 
scores was 16.76 (SD = 11.3). The differ- 
ences among groups were not significant, Fs 
< 1, for either measure. 

Interpolated learning—The number of 
correct anticipations during IL was calcu- 
lated for experimental groups. The mean 
number correct anticipations in IL was 
smaller (X = 49.08) with the frequent list 
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alternations in Cond. IL-15 than in Cond. 
IL-1 ( = 66.08) when the lists changed 
only once. This difference was significant, 
t (46) = 5.59, p < .01. The differences in 
number of correct responses between Lists 3 
and 4 were negligible. 

. Interlist intrusions —The total numbers of 
intrusions from Lists 1 and 2 during IL were 
79 and 55 for Cond. IL-15 and IL-1, re- 
spectively. These frequencies were con- 
verted to percentages, and after an arcsin 
transformation, t (46) 21153, p< .01. 
More intrusions are ќо be expected in Cond. 
IL-15 for two reasons: First, the inter- 
polated lists are learned more slowly. so the 
OL associations remain dominant longer: 
second, in Group IL-15 where lists alternate 
rapidly in both OL and IL, there is more 
stimulus generalization than in Group IL-1 
where the conditions of learning change from 
OL to IL. 

Recall.—The MMFR test was scored by 
both stringent and lenient methods. Under 
lenient scoring, a word had only to be given 
to qualify as a correct response; under 
stringent scoring, the word had to be paired 
with the appropriate stimulus and given the 
correct list identification. The stringent 
MMFR scores appear in Table 1. An analy- 
sis of variance on the stringent recall of 
Lists 1 and 2 combined showed that the dif- 
ferences among groups were significant, F 
(2, 69) = 7.32, p < 01. Significant RI, F 
(1, 69) — 14.15, р < .01, was demonstrated 
by comparing the control group with the 
combined experimental groups, but the ex- 
perimental groups did not differ from each 
other, P « ]. As usual, lenient scormg 
vielded higher recall. with the pattern of 


scores unchanged. 
Recall scores from t 


he S-R matching test 
appear in Table 2. These scores were h 


igher 


TABLE 1 


MEAN Numprrs or Correct. RESPONSES 
(IN MMFR—Srrixcrnt SCORING 


Cond. | List 1 | List 2 | Total OL] List 3 | List 4 Total IL 
по | 104 | 122 | 3s | — | — | - 

IL-1 $46 | 5.00 1046 | 438 | 517 | 9 55 
[1-15 | 5.04 | 4.75 | 9.79 | 517 | 5.75 | 10.92 


TABLE 2 


Mean Correct RESPONSES 
on MATCHING TEST 


| Responses 
Cond. 
List 1 List 2 List 3 List 4 
IL-0 7.67 7.92 = ына 
IL-1 7.02 6.83 6.54 6.67 
IL-15 7.00 6.50 6.38 6.75 


than the MMFR scores and the range of 
scores was reduced. Neither the differences 
among all groups, F (2, 69) = 3.84, nor the 
difference between the two experimental 
groups alone, F (1, 69) = 1.10, were signifi- 
cant. However, reliable RI was again dem- 
onstrated in the comparison between the 
control group and the combined experimental 


groups, Ё (1, 69) = 6.59, p < .05. 


EXPERIMENT П 
Method 


Design.—The Ss in four experimental conditions 
and one control condition first learned a list of 
paired associates. All Ss in the experimental con- 
ditions then received 16 trials of IL. The com- 
position of the interpolated lists differed in two 
respects: First, stimuli were either the same as in 
OL (ie, A-B, A-D paradigm) or they were dif- 
ferent (ie, A-B, C-D paradigm) ; second, either 
one new set of responses was presented for all 16 
IL trials or there were four new sets of responses, 
each presented for four successive trials. More 
specifically, identical stimuli appeared in OL and 
IL for Cond. A-D (1) and A-D (4), but the 
former group had only one new IL response set 
whereas the latter had four new sets. In the 
other two experimental conditions, OL and IL 
stimuli differed and were paired either with one 
new response set, Cond. C-D (1), or with four 
new response sets, Cond. C-D (4). Interpolated 
activity for the control condition (IL-0) was the 
same as in Exp. I. All conditions received both an 
MMFR test and an S-R matching test. 

Matcrials—Each list consisted of 10 pairs. All 
Ss received the same stimuli during OL. These 
were CVCs of from 45% to 55% association value 
(Archer, 1960), with intralist similarity mimimized 
by using each vowel twice and each consonant 
once. A second set of stimuli with the same char- 
acteristics was chosen for the C-D conditions. In- 
terlist stimulus similarity was made as low as 
Five sets of two-syllable adjectives served 
as responses, and similarity both between and 
within lists was minimal. There was one S-R pair- 
ing, and each list appeared in four different orders. 
Fach response set was used equally often as the 
first list and in the various positions during IL. 


possible. 
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TABLE 3 


MEAN NUMBER OF CORRECT 
RESPONSES IN IL 


| C-D | A-D 
List ы 
| a) | (4) | a) (4) 
2 121.20 | 10,45 105.65 8.00 
3 — 8.80 — 6.95 
ii — 9.40 — 8.55 
5 = 995 | — 7.35 
l'otal 121.20 38.60 | 105.65 30.85 


In addition, the response sets preceded and fol- 
lowed each other equally often. 

Proccdure.—The pairs were presented on a 
memory drum at a 2:2 sec. rate with a 4-sec. inter- 
trial interval. Criterion on List 1 was 4% correct. 
During the 3.5-min. interval between OL and IL, 
experimental Ss were informed that they would 
receive new responses paired with the old stimuli 
or that both stimuli and responses would be new. 
They were further told that the responses might 
change, but, if so, E would say "change" during the 
intertrial interval. The Ss were urged to guess on 
the first trial with new responses so that anticipa- 
tion could occur on all 16 trials. Once again, a 
15-sec. interval was inserted between Trials 8 and 9 
so that the drum windows could be changed from 
the right to the left side. 

Method of testing recall was the same as in Exp. 
I with the following exceptions: (a) In MMFR, all 
20 stimuli were listed in alphabetical order for the 
C-D conditions; (b) for all conditions, the inter- 
val allowed for MMFR was 15 min.; (c) in the 
S-R matching test for C-D groups, the stimuli were 
arranged in two columns, one underneath the other, 
according to which list they were in. Both stimulus 
lists were alphabetized and numbered. The re- 
sponses appropriate to OL were placed in a column 
beside the OL stimuli; the response sets appropriate 
to the IL stimuli were placed in columns beside the 
IL stimuli in the order in which the sets had 
been learned. 

Subjects.—Five groups of 20 Ss each were used. 
These Ss were naive to paired-associate learning, 
but many had previously served in other experi- 
ments. The Ss were drawn from the same pool as 
in Exp. I and were assigned to groups, lists, and 
starting orders in the same manner. Two Ss were 
rejected for failing to reach criterion on List 1. 


Results 

Original learning.—The overall mean 
number of trials to reach the List 1 cri- 
terion was 13.4 (SD = 83). The differ- 
ence in learning speed among groups was not 
significant, F< 1. 

Interpolated learntng.—The mean num- 
bers of correct responses during IL are 


shown in Table 3. Correct anticipations 
decreased as number of interpolated lists in- 
creased, F (1, 76) = 365.94, р < .01. Part 
of this decrease is attributable to the differ- 
ence in opportunities to make correct re- 
sponses since four trials were needed to 
present new response sets in Cond. A-D (4) 
and C-D (4), and part of the fact that groups 
with four interpolated lists must learn several 
sets of new associations, whereas the groups 
with one interpolated list continue practicing 
the old associations. Groups with identical 
stimuli (A-D) made fewer correct responses 
during IL than groups with different stimuli 
(C-D), F (1, 76) 2802, p « 01. The 
Paradigm of Transfer x Number of IL Re- 
sponses interaction was not significant, F 
<1. 

Interlist intrusions.—As interlist stimulus 
similarity decreases, the S’s tendency to give 
List 1 responses during IL should also de- 
crease since the stimuli to which these re- 
sponses were associated are no longer pre- 
sented and list differentiation is high. This 
relationship was observed in the present ex- 
periment. During IL, more intrusions from 
List 1 occurred when the stimuli were the 
same in OL and IL than when the stimuli 
were different. The frequencies of such in- 
trusions were 14, 7, 46, and 118 for Cond, 
C-D (1), C-D (4), A-D (1), and A-D (4), 
respectively. In addition, it can be seen that 
the number of List 1 intrusions increases 
with number of interpolated lists in the A-B, 
A-D paradigm, whereas there is little change 
with an A-B, C-D paradigm. 

Recall—The MMFR test was again 
scored by stringent and lenient methods, and 
the stringent scores appear in Table 4. The 
differences among the conditions were shown 
to be significant by an analysis of variance, 
Е (4,95) = 12.51, р <.01. There was riot 
only reliable RI, but the experimental groups 
also differed from each other. This is 
shown in comparisons of the control group 
with the combined experimental groups, F 
(1, 95) = 31.82, р < 01, and among ex- 
perimental groups alone, F (3, 95) — 6.06. 
p < 01. 

Since the main purpose of this study was 
to determine the effect of stimulus similarity 
and number of interpolated lists on recall, the 


INTERFERENCE WITH MULTIPLE INTERPOLATED LISTS 


stringent scores of the experimental groups 
were analyzed separately. Groups with dis- 
similar stimuli recalled more than those with 
identical stimuli, F (1, 76) = 10.74, p < .01. 
However, the anticipated effect of number of 
interpolated lists was not found, F (1, 76) 
= 3.51, p > .05, and the Stimulus Similarity 
X Number of Interpolated Lists interaction 
also was not significant. Individual ¢ tests 
on the two transfer paradigms show that 
while there was reliably lower recall with 
four interpolated lists when stimuli were dis- 
similar, t (38) = 2.40, р < .025, this differ- 
ence was not to be found with identical stim- 
uli, ¢ (38) = .16. This latter result is sur- 
prising in view of the large effect of number 
of interpolated lists found by Postman 
(1965) under nearly identical conditions. 

Recall scores from the S-R matching test 
appear in Table 5, Overall recall was higher 
under this testing procedure than it was in 
MMER, but the general pattern of scores 
remains the same. More correct List 1 S-R 
pairings occurred with the A-B, C-D para- 
digm than with the A-B, A-D paradigm. 
In addition, with both levels of interlist stim- 
ulus similarity, RI increased slightly as the 
number of interfering responses increased. 
An analysis of variance on the experimental 
groups alone showed that only the difference 
between paradigms was reliable, F (1, 76) 
= 8.56, p < .01. No comparisons between 
the experimental conditions and the control 
condition were made since the variance of the 
control group (SD = 0) differed markedly 
from those of the experimental groups. 


DISCUSSION 


s were carried out in an 


The present studie 
: s between Post- 


effort to reconcile the difference 


TABLE 4 


Mean Nunpers or Correct, RESPONSES 
IN MMFR—StrinGENT SCORING 


Cond. List 4 | List 5 


List 1 List 2 List 3 
IL-0 9.80 | — = = 
C-D (1) | 865 | 1000] — | —| — 
A-D (1) | 6.80 | 9.75 | — — = 
C-D (4) | 7.40 70 80 | 1.70 3.65 
A-D (4) | 645 | 1.90 | 145 | 205 | 3.80 
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TABLE 5 


MEAN Correct RESPONSES 
on MATCHING TEST 


| Responses 
Cond. | > 

List 1 | List2 | List 3 | List 4 | List 5 
IL-0 10.00 | — = = | - 
C-D (1) 9.80 | 10.00 — — — 
A-D (1) 8.80 | 10.00 — — — 
C-D (4) 9.55 6.65 7.60 7.65 
A-D (4) 8.60 5.90 7.20 7.20 


man (1965), who found that RI was positively 
related to List 1 dominance, and Goggin 
(1968), who found RI to be inversely related to 
List 1 dominance. Dominance had been manip- 
ulated in two ways: In Postman's study, List 1 
was made dominant by increasing the number 
of interfering lists; in Goggin's study, the rela- 
tive dominance of List 1 was increased by in- 
creasing the frequency of list alternation dur- 
ing IL. 

Two reasons for the discrepancy in results 
were suggested. The first, stimulus generaliza- 
tion decrement, was examined in Exp. I. When 
an S is required to perform two tasks and one 
of these tasks is manipulated along a certain 
dimension, the tasks may be more similar under 
some conditions than under others. This is 
important in RI experiments since task simi- 
larity has a strong effect on interference. In 
the study of Goggin (1968), e.g., two factors 
were working in opposition. As the interfering 
lists alternated more rapidly, List 1 dominance 
increased and should have resulted in more RI, 
At the same time, however, this makes the 
learning situations of OL and IL more dis- 
similar and reduces RI. In Exp. I, list alterna- 
tion occurred in both OL and IL, and the pat- 
terns of alternation were more similar in Group 
IL-15 than in Group IL-1. The results of this 
study. as expected, do not agree with Goggin 
(1968). The ordering of recall scores was re- 
versed: Group IL-15 with frequent list alterna- 
tion in IL recalled somewhat fewer OL associa- 
tions than Group IL-1 with only one alternation. 

The absence of a reliable difference in List 1 
recall between experimental conditions in Exp. 
I can be interpreted in two ways. The order 
of group means was in the direction predicted 
by the dominance hypothesis. Thus, OL domi- 
nance may be an important factor in RI as 
Postman (1965) has suggested, but for some 
reason its influence was attenuated in the pres- 
ent study. The magnitude of the difference 
between Cond. IL-1 and IL-15 in number of 
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correct IL responses, one of the indexes of 
dominance, was not as large as that found by 
Postman and may not have been sufficient to 
produce an effect on RI. In addition, the pro- 
cedure of alternating OL lists may result in 
associations that are highly resistant to inter- 
ference. Alternatively, a cogent argument can 
be made against the dominance hypothesis. 
The difference in correct IL anticipations be- 
tween experimental groups, although somewhat 
smaller than in the Postman study, was never- 
theless a reliable difference. Furthermore, on 
the basis of the other index of OL dominance, 
the number of OL intrusions during IL, the 
experimental groups in the present study dif- 
fered significantly, whereas those in the experi- 
ment of Postman did not. Since variations of 
OL dominance in neither the study of Goggin 
(1968) nor Exp. I produced the commensurate 
variations in RI predicted by the dominance 
hypothesis, it seems reasonable to assume that 
the differences found by Postman were due pri- 
marily to variations in the number of inter- 
fering responses. 

In Exp. II, a number of interfering lists was 
varied under conditions of high and low stim- 
ulus similarity. In this situation. the relative 
strengths of OL and IL as well as the amount 
of stimulus change must be taken into account. 
With both the A-B, A-D and the A-B, C-D 
paradigms, List 1 associations gain in relative 
strength as the number of interfering responses 
increases. However, in order for list domi- 
nance to have any effect, intrusions from OL 
must occur during IL and this depends in large 
part on stimulus similarity. In the A-D, A-D 
paradigm, where both the contextual cues and 
the nominal stimuli are unchanged. presentation 
of the stimulus (A) during IL will tend to 
evoke a response (B). Since the B response 
remains dominant longer with multiple inter- 
polated lists, the tendency to make such intru- 
sions will be exaggerated and the opportunity 
for the extinction of the B responses will be 
increased. In the A-B, C-D paradigm, only 
the contextual cues remain unchanged from OL 
to IL. and the tendency to give the response 
(B) to the stimulus (C) is never very high. 
Variations in RI accompanying changes in 
number of interfering responses in this par- 
adigm are unlikely to be caused by variations 
in OL dominance since OL dominance can have 
an effect on RI only when intrusions from List 
1 occur. Thus. if RT in the A-B, C-D paradigm 
varies with the number of interpolated response 
sets, then this must be attributed to something 


other than changes in dominance. 
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The results of Exp. II show that the number 
oi OL intrusions during IL was much larger 
in the A-B, A-D paradigm than in the A-B, 
C-D paradigm. In addition, the number of such 
intrusions increased with multiple interpolated 
lists under conditions of high interlist stimulus 
similarity and decreased when interlist stimulus 
similarity was low. Therefore, if OL domi- 
nance in conjunction with its influence on in- 
trusion rate is of major importance in RI, then 
List 1 recall should be much higher in Cond. 
A-D (1) than in Cond. A-D (4) and approxi- 
mately equal in Cond. C-D (1) and C-D (4). 

The data show, however, that while RI in- 
creases as number of IL lists increases when 
interlist stimulus similarity is low, there is no 
effect with high stimulus similarity. This lack 
of replication of Postman (1965) may be be- 
cause many Ss were experienced in learning 
experiments. When the stimuli remained the 
same across lists, these Ss may have either re- 
hearsed the List 1 responses or tried to use 
them to mediate the learning of the interpolated 
lists. In either case, RI would be reduced. 
The tendency to do this would be much less 
when the stimuli were changed. The fact that 
RI was greater in Cond. C-D (4) than in C-D 
(1) may be interpreted in two ways. First. 
the list dominance hypothesis can be retained if 
it is assumed that although the number of ex- 
plicit intrusions decreased with increasing inter- 
iering responses, the number of implicit intru- 
sions increased and, as a consequence, there 
was a greater opportunity for the extinction of 
the List 1 associations. More likely is the 
hypothesis that the changes in RI occurred 
during recall and not during learning. In both 
the MMFR and S-R matching tests, Ss fre- 
quently do not recall List 1 responses first. 
Therefore, the more interfering responses there 
are, not only the more IL responses are re- 
called before the List 1 responses, but also the 
longer is the retention interval. Doth of these 
factors should decrease the recall of the List 1 
responses. 
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By means of a 10-channel tachistoscope the digits in the number series 1-9 
were presented in order at interstimulus intervals (ISIs) varying from 50 to 
200 msec. between successive digits. In the before condition, S was told 
prior to a trial for which digit he was to search. In the after condition, 
S was not told the target until termination of a trial. Thus, in the latter 
condition, 5 had to search for the gap in the number series. At 75-msec. ISI, 
performance was nearly perfect in the before condition, but in the after 
condition this level of performance was not achieved until ISIs of 200 msec. 
Results in the before condition were interpreted in terms of filter processes 
or multichannel feature analyzers that permit target search without encoding 
each of the noise elements. In the after condition, on the other hand, 
detection of the missing number in the series required that each of the 


presented digits be processed through 


Broadbent (1958) in his model of infor- 
mation processing has proposed filterlike 
processes at very early stages in perception. 
These processes are assumed to be capable of 
selective tuning so that unwanted stimuli are 
screened out or not processed further in the 
system, while target signals are processed 
into perception. In auditory perception the 
existence of some type of filtering process 
has received impressive support from a series 
of experiments by Treisman (e.g, 1964), 
but in visual perception the evidence is not 
as complete nor unequivocal. In a series of 
experiments using visual search, however, 
Neisser and his associates (e.g. Neisser, 
Novick, & Lazar, 1963) have obtained evi- 
dence that would seem to rule out a serial 
complete processing of each stimulus. 

Recently Neisser (1967) has proposed 
preattentive processes and feature analyzers 
that operate at early Stages in perceptual 
processing. In terms of a search task these 
processes which are conceived to be multi- 
channel in capacity would screen through a 
large number of noise signals essentially 
simultaneously and let only targets through 
to be processed to the state of encoding. This 
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the encoding stage. 


type of theorizing has received support in a 
recent study (Erikson & Spencer, 1969). 
Efficiency of visual search was relatively un- 
affected over a range of input rates that 
varied from a stimulus every 5 msec. to a 
stimulus every 2 to 3 sec. This independence 
of input rate would seem to require either 
some preselective or filtering process or a 
multichannel encoding process of at least 
nine channels. 

In the present experiment, two kinds of 
visual search task have been employed, one 
which should permit preattentive or filter 
processes to screen out the noise stimuli and 
another which should require a higher stage 
of perceptual processing and perhaps even 
encoding of each input. A 10-channel tach- 
istoscope was used to present the sequence 
of Digits 1-9, in order, at very rapid rates. 
On all trials, one digit in the sequence was 
omitted. In the before condition, 5 was told 
a digit prior to each trial and his task was 
to determine whether it was presented in the 
series. On only half of the trials, however. 
was the digit given 5 the actual omitted digit. 
In the after condition, S' was not given the 
target digit until immediately after a trial 
so he essentially had to determine what digit 
was skipped in the series. 

A phenomenal analysis of these search 
tasks suggests that the performance in the 
before condition depends on some type of 
preattentive or filtering process. If the se- 
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quence is presented at a rate of approxi- 
mately 50 msec. per digit, two or three scat- 
tered digits in the series are perceived clearly 
with the rest going by unnoticed. If S is 
asked to look for a specific digit, this digit 
then stands out in the presentation as one 
of those perceived clearly. In the after con- 
dition, on the other hand, detection of a gap 
in the number series seems to require that 
each of the successive numbers be perceived 
in order to detect the gap. This requires a 
much slower rate of presentation, approxi- 
mately 200 msec. per digit. 

The present experiment was carried out 
in an attempt to objectify these phenomenal 
impressions. In addition to comparing be- 
fore and after conditions at varying input 
rates, the position of a target or omitted digit 
was systematically varied in the presentation 
sequence. Serial position would seem to 
have little effect if a filter or multichannel 
preattentive feature-analyzing system was 
operating for the search task in the before 
condition, but if performance in the after 
condition depends on the complete processing 
of each input, detection might be better if 
the omitted digit occurs early or late in the 
series. At rates too rapid to process all in- 
puts the first few might be favored in that 
they could be processed before the system 
becemes overloaded. Similarly, on termina- 
tion of stimulation, the last couple of inputs 
would be available for processing before they 
decayed from a temporary storage, such as 
envisaged by Broadbent (1958) and Treis- 
man (1964). 


METHOD 


Subjects —Five undergraduates (one male) were 
paid for their services. All had normal or cor- 
rected-to-normal vision and had prior experience 
in perceptual experiments. 

Apparatus—A 10-field projection tachistoscope 
was employed. It consisted of 10 variable-power 
lens systems originally designed for 8-mm. pro- 
jectors. The 10 lens systems were mounted equally 
spaced in a circular arrangement on a machined 
base at an angle of 30° to the cylindrical axis and 
brought to a common focus on a ground-glass 
screen 8 in. from the face of the objective lenses. 
Light sources for each of the 10 projection systems 
were Sylvania F4T5/CWX bulbs encased in light- 
proof tubes. These lamps were powered by a 300-v. 
dc regulated voltage supply of 13-A. capacity. To 
insure reliability of firing and minimal rise and 
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decay times, the lamps were constantly supplied 
with 100 v. dc. Each projection system had an 
especially designed film holder with a capacity of 
eight different stimuli. Timing íor the 10 chan- 
nels was accomplished with an Iconix Model 6255 
time base generator and two Model 6010 preset 
counters. Sequencing the order oí presentation of 
the 10 channels was accomplished with a bank of 
prewired 10-pole single-throw switches which were 
interposed between the presets and the lamps. 

The stimuli were the digits 1-9 made from 
Para-Tipe No. 11300. They were mounted on 
transparent plastic for purposes of projection. As 
viewed by Ss, they appeared one at a time as black 
numbers .76? of visual angle in height in the center 
of a lighted (.55 mL.) circular field subtending 
243? of visual angle. Contrast of the numbers 
with the lighted background was better than 95%. 
While the digits always occurred in their order in 
the number series, a trial started randomly at dif- 
ferent places in the series. For each of the nine 
possible starting places the digit that would be in 
either the second, fifth, sixth, or eighth temporal 
position for that starting place was omitted so that 
only eight of the nine possible numbers appeared on 
a given trial. Thirty-six 10-position single-throw 
switches were used to provide the 36 combinations 


of nine starting positions and the four omitted 
positions. 


Procedure—Each S was run under both the 
before and after conditions. In both conditions, Ss 
were told prior to each trial the first digit that 
would be presented to start the series. They also 
knew that the digits went sequentially according to 
the number series, with 1 following 9 if 1 was not 
the starting digit. In the before condition, 
S was told immediately prior to each trial the digit 
he was to search for. In the after condition, S's 
task was to determine which digit was missing 
or the gap in the series. To maintain comparability 
of scoring for the two conditions in terms of 
chance success, the Ss in the after condition were 
supplied a digit immediately after each trial and 
their decision was in terms of whether or not the 
supplied digit was the missing one. Thus, in both 
conditions, Ss responded after a trial with a judg- 
ment of “present” or “absent” with respect to the 
target digit along with an associated confidence 
rating on a three-point scale where 1 meant highly 
confident of their answer and 3 meant a guess. In 
both conditions the target digit was present on 
half of the trials. On these trials where the target 
digit was present in the series, another digit was 
deleted so that every trial consisted of the presenta- 
tion of only eight digits. 

Each trial was initiated by a ready signal from 
E, following which S fixated a small inverted V 
27? of angle that was located .27? below the spot 
where the numbers appeared. When S's fixation 
was sharp, he triggered the stimulus onset. Each 
digit appeared for 10-msec. duration, and the inter- 
stimulus intervals (ISIs) for the before condition 
were 50, 75, 100, and 125 msec. For the after con- 
dition the ISIs were 100, 125, 150, and 175 msec- 
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These ISI values had been chosen on the basis of 
pilot data. The two conditions had only the 100- 
and 125-msec. intervals in common since the pilot 
data had shown that rates faster than this for the 
after condition yielded performance in the chance 
region and rates longer than 125 msec. for the 
before condition yielded perfect performance. 

Each S served 10 experimental sessions. The 
first two sessions were practice, 1 on each of the 
two experimental conditions. Within a session 
there were four blocks of 18 trials, one block for 
each ISI. The Ss alternated between the two con- 
ditions on successive sessions. The ISIs and condi- 
tion orders were counterbalanced over sessions and 
Ss. There was a total of 72 trials per condition 
per ISI per S, 


RESULTS 


In Fig. 1 the percentage of trials on which 
S correctly reported the presence or absence 
of the target digit is plotted as a function of 
ISI for the before and after conditions. For 
the before condition, performance had be- 
come asymptotic at an ISI of 75 msec. At 
this rate, Ss were nearly perfect in their re- 
ports as to whether the target letter was 
present or not. For the after condition, this 
level of performance was not achieved even 
at an ISI of 175 msec. 

Since performance in the after condition 
even at 175-msec. ISI had not approached 
that for the before condition, additional ob- 
servations were obtained from Ss under the 
after condition at an ISI of 200 msec. The 
results of these additional observations are 
also shown in Fig. 1. As is seen, at a 200- 
msec. ISI, performance in the after condi- 
tion achieved 95% accuracy, a performance 
level comparable to that obtained in the be- 
fore condition at 75-msec. ISI. This indi- 
cates that at a rate of approximately 200 
msec, per digit, Ss were able to perceive each 
of the eight digits in а trial and detect the 


gap in the series. 

The average data shown in Е 
terize the curves obtained for each of the Ss. 
For all five Ss, performance in the before 
condition was superior to that in the after 
condition at the 100- and 125-msec. ISIs. 

Since percentage of correct scores аге sus- 
ceptible to response biases and possible dif- 
ferences in the criteria that Ss may use for 
their reports under different conditions ОГ 
treatments, d' statistics were also employed. 
In the before condition for ISI values in 
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Fic. l. Percentage of correct responses in the 
before and after conditions as a function of inter- 
stimulus interval. (The circled value in the aíter 
condition represents additional observations ob- 
tained after the rest of the experiment had been 
completed.) 


excess of 75 msec., the errors were too few 
and the confidence ratings were too curtailed 
to permit d' computations. Consequently, 
d's for each S were computed for only the 
50- and 75-msec. ISIs in the before condi- 
tion and compared with the d' statistics for 
the 100- and 125-msec. ISIs in the after con- 
dition. The mean d's for the before condition 
were .84 and 2.23 at 50- and 75-msec. ISIs 
compared with values of .76 and .91 for the 
after condition at ISIs of 100 and 125 msec. 
An analysis of variance (conditions, 1515, 
and Ss) reveals that the interaction is sig- 
nificant, F (1, 4) = 10.32, р < .05. 
Detection errors as a function of the tem- 

poral position of the target letter were ana- 
lyzed next for the two conditions. Table 1 
presents the mean percentage of errors av- 
eraged over ISIs that were obtained for the 
two conditions when the target digit appeared 
in each of the four possible temporal posi- 
tions. For the after condition, a very marked 
position effect was present, Е (3, 12) = 
10.45, р < .01. Nearly twice as тапу er- 
rors were made when the target was in опе 
or the other of the two middle temporal posi- 
tions than when it occurred in the second 
or next-to-last temporal position. The vari- 
ation in accuracy as a function of temporal 
position for the before condition was not sig- 
nificant, F (3, 12) = 1.77, p > .10, nor was 
the variation systematic. А comparison 
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TABLE 1 
MEAN PERCENTAGE OF ERRORS IN THE Four 
TEMPORAL ORDER POSITIONS FOR THE 
BEFORE AND AFTER CONDITIONS 


Temporal order 


Cond | — 

2 | 5 6 8 
Before 10.3 5.8 8.6 5:5 
After 12.8 23.9 21.9 12:5 


across the two conditions obtained by a 
three-way analysis of variance (conditions, 
temporal positions, and Ss) showed that the 
Conditions х Temporal Positions interac- 
tion was significant beyond the .01 level, F 
(3, 12) = 9.53. 


DISCUSSION 


The objective data are quite consistent with 
the phenomenal analysis of these search tasks. 
If eight distinct stimuli are presented in a total 
time of approximately 600 msec., one phe- 
nomenally experiences the perception of two or 
three of these stimuli. The data obtained from 
the before condition show that this rate, cor- 
responding to an ISI of 75 msec., is sufficient 
for the average S to detect a digit with almost 
perfect accuracy provided he is informed be- 
forehand of the digit he is to search for. At 
least an additional 100 to 150 msec. is required 
between successive stimuli in the after condi- 
tion to achieve the same level of performance. 
If it is assumed that the after condition requires 
that each of the eight presented digits be per- 
ceived in order to detect the gap in the number 
series, the difference in performance under the 
two conditions would imply the existence of 
some type of filter or preattentive selective 
process that determines which of a variety of 
possible stimuli will be processed through to 
the final stages of perception. The finding that 
at least 100 msec. or more is required to attain 
nearly perfect performance in the after condi- 
tion indicates that the before-condition perform- 
ance is not based on each of the eight separate 
inputs being completely processed or perceived. 

One can question the assumption that the 
after condition is a suitable control for the 
maximum rate at which eight separate stimuli 
can be completely perceived or processed. 
There is little doubt that all or nearly all of 
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the presented digits have to be perceived in 
order to determine which one was missing, but 
the question can be raised as to whether the 
process of "noting the gap" may not require 
some processing time of its own in addition to 
that required in perceiving the eight separate 
inputs. This possibility cannot be unequivo- 
cally ruled out, but the number series 1-9 is 
so overlearned in college students that it seems 
likely that the detection of the missing 6 in the 
sequence 4, 5, 7, 8, . . . , requires only that 
the preceding and succeeding digits be per- 
ceived. 

The results from the temporal position analy- 
sis also support a preselective process in per- 
ception. The lack of temporal position effects 
in the before condition is consistent with multi- 
channel preselective processes such as envisaged 
by Neisser (1967) or with Broadbent's (1958) 
filters. A filterlike process would be relatively 
unsensitive to the temporal order in which the 
critical stimulus occurred. On the other hand, 
temporal position effects are consistent with a 
task that requires the perception of each of the 
series of sequentially presented stimuli as is the 
case in the after condition. In this condition. 
superiority for a location early in the temporal 
series suggests that S processes the first few 
stimuli presented before the perceptual process- 
ing system becomes overloaded. The finding 
that accuracy is also high for the temporal 
position next to the last in the series suggests 
that unprocessed inputs are temporarily stored 
much as Broadbent (1958) has proposed, and 
when the stimulation ceases, perceptual process- 
ing is continued for a short time, with the last 
arriving inputs favored over the others in this 
delayed processing. 
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INCOMPLETE REDUCTION OF REWARD AND THE 
FRUSTRATION EFFECT WITH HUNGER CONSTANT? 


LAWRENCE A. HALL лхр JOHN N. MARR? 


University of Arkansas 


Previous work has found that complete and incomplete reduction of reward 
in Goal 1 (G-1) of a double-goal-box runway results in faster running speed 
in the post-G-l alley. But such studies have not controlled hunger motiva- 
tion when reward is reduced. The present study manipulated the amount of 
food in the start box so that Ss received the same amount regardless of the 
reduction or increment in reward. After Ss had run both experimental and 
control alleys to different levels of reward, the level of reward in the G-1 
experimental alley was increased for one group and decreased for the other 
group. Despite the constant hunger level, the reduced group increased 
running speed in the post-G-1 alley and the increased reward group did not 
change speed. Also found was a decreased running speed for the reduction 
group in the рге-С-1 alley after reduction had been taking place in С-1. 


The frustration effect (FE) is operation- 
ally defined as greater running speed follow- 
ing nonreward than following reward and is 
typically measured in a double-goal-box run- 
way in the fashion of Amsel and Roussel 
(1952). Peckham and Amsel (1967) 
pointed out several studies which imply that 
the size of the FE is positively related to the 
magnitude of reward the animal is trained to 
expect. Peckham and Amsel showed that a 
greater FE occurred with a reduction from 
eight to zero pellets than that from two to 
zero pellets, using a within-Ss design. This 
study suggests that it might be the dis- 
crepancy between anticipated reward and 
the actual reward received on a given trial 
that is important and that an incomplete re- 
duction of reward to a nonzero value might 
also produce frustration. | 

Bower (1962) showed that as the size of 
reward in the first goal box (G,) of a double- 
goal-box runway is reduced to nonzero 
values, the size of the FE increases propor- 
tionally. However, he did not control for 
hunger motivation. McHose and Ludvigson 
(1965) and Barrett, Peyser, and McHose 
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(1965) also tested to see if incomplete re- 
duction of reward is frustrating and included 
a necessary control for the effects of the ab- 
solute magnitude of reward in G,. While 
both studies found increased running speeds 
under the conditions of incomplete reduction 
of reward, the increased running speeds did 
not significantly differ from the running 
speeds of Ss trained and tested with the same 
magnitude of reward found on reduction 
trials. McHose and Ludvigson concluded that 
it is not necessary to evoke a frustration drive 
increment hypothesis since these findings 
can be explained more economically in terms 
of hunger motivation. 

The present study investigated the hy- 
pothesis that incomplete reduction of reward 
is frustrating, using a within-Ss design very 
similar to the Peckham and Amsel study. 
It was designed, however, with the possibility 
of demonstrating the FE with motivation 
held constant within each individual S on all 
trials by a prefeeding technique. That is, 
when S had left G,, he had received the same 
amount of reward regardless of whether re- 
duction occurred or not. Hence, on reduc- 
tion trials, any increment in running speed 
could be attributed only to the experimental 
manipulation of reward reduction and not to 
the effects of hunger motivation. A group 
which received an increment in reward al- 
lowed a control for change in reward other 


than reduction. 
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METHOD 


Subjecis 


Twenty experimentally naive male albino rats of 
the Wister strain were randomly but equally 
assigned, with 10 Ss in each of the reduction and 
increment groups. All Ss were between 80 and 120 
days old at the beginning of the experiment. 


Apparatus 


The apparatus consisted of two straight, parallel, 
double-goal-box runways and was similar to that 
employed by Peckham and Amsel (1967). It con- 
tained the following sections: one gray 11-іп. start 
box (SB); two 36-in. parallel first alleys (Ai), 
one white and the other black; two parallel 13-in. 
first goal boxes (Gi), corresponding in color (black 
or white) to its preceding A: section; two identical 
24-in. second alleys (Аз), both gray; and two 
corresponding 12-in. second goal boxes (G:), also 
painted gray. 

All sections of the apparatus were 31 in. high 
and 34 in. wide and were covered with a hinged 
sheet of Plexiglas. The gray SB was movable and 
served as the SB for both the black and white А: 
sections. The G, in each alley served as the SB 
for the A; sections. Food cups were positioned at 
the end of each of the four goal boxes on the 
left-hand side. Guillotine-type doors, painted the 
appropriate runway color, were operated by means 
of pulleys suspended above the runways. A mirror 
suspended over G, sections permitted Æ to deter- 
mine when S had finished eating. 

Photocells and clocks were used to record four 
time measures of performance in the following 
runway sections: (a) The A: Begin (А,В) section 
consisted of an 1l-in. alley segment beginning 1 in. 
beyond the door separating SB and Ai; (b) the 
Ал Run (А.К) section consisted of а 34-in. span 
starting 1 in. past the SB door and ending 1 in. 
before the door separating А, and Gi; (c) the А. 
Begin (A:B) section began 1 in. after the door 
separating С, from Аз and ended 11 in. later; and 
(d) the As Finish (АЕ) section was an 11-in. seg- 
ment beginning immediately after the А,В section 
and terminating 1 in. in front of the door separat- 
ing A. and С. The begin time and run time in 
A, overlapped because the begin time measure 
in А. is probably the most reliable measure of the 
effect of differential magnitude of reward in a 
runway situation (Peckham & Amsel, 1967), but 
the run speed for the entire A; section is a stan- 
dard measure of performance in runway situations. 


Procedure 

Preshift training—Eight days prior to acquisi- 
tion training, Ss were placed on a 23-hr. food 
deprivation schedule with an ad-lib water supply. 
Food pellets were available to Ss for the remaining 
hour of the day. Concurrently, a taming procedure 
consisting of handling each rat individually for a 
few minutes per day was begun. During training, 
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cach S received a 5-gm. pellet after completion of 
its trials for the day in addition to the total of 
3.96 gm. in pellets received during trials. 

To build a differential expectancy of reward in 
the different Gis, a large magnitude of reward 
(six pellets) was presented in G, of one alley of 
the apparatus on all four trials received cach day 
in that alley, and a small magnitude of reward 
(three pellets) was presented in G; of the other 
alley on all four trials run in that alley. Each 
magnitude was presented consistently with either 
the black or the white Aj, thus enabling Ss to 
learn a black-white discrimination on the basis of 
differential magnitude of reward. Half of the Ss 
in each treatment condition received six pellets in 
Gi when А, was black and three pellets in С. when 
Аз was white. The other half received six pellets 
іп С, when A, was white, etc. 

To control the motivational level in Az after the 
differential reward in Gi, a prefeeding procedure 
was used. If G, had six or three pellets, 5 received 
three or six pellets, respectively, in a clear plastic 
prefeeding box. Hence, Ss had always received 
nine pellets before entering As All Ss received 
two pellets in С: consistently throughout acquisition 
and on later test trials, regardless of which alley 
they were running. i 

The order of presentation of the daily trials (3 
or 6 pellets in G,) was random for each S with 
two restrictions: Only three successive trials of one 
kind could occur, and an equal number of both 
types of trials occurred each day. "The acquisition 
period consisted of 26 training days, with 5 receiv- 
ing four trials in each alley daily. The ITI was 
approximately 35 min. 

Postshift (test) trials.—The Ss of the reduction 
group received a reward reduction from six to three 
pellets in G, on two of the four trials given in that 
experimental alley each day. The Ss of the incre- 
ment group received a reward increment from three 
to six pellets in G: on two of the four trials con- 
ducted in that experimental alley each day. On 
these experimental trials the number of food 
pellets in the prefeeding box was also altered so as 
to keep the total number of pellets received in the 
apparatus constant. 

As in the acquisition training, the orders of trials 
with three pellets in С, and trials with six pellets 
in С, were randomly determined with the same 
restrictions. For a given 5, a manipulation (re- 
duction or increment) occurred in only the experi- 
mental alley. On alternating days, the first and 
last trials or the two middle trials of the experi- 
mental alley were designated experimental trials. 
Half of the Ss received experimental trials on the 
first and last trials of the first day, while the 
remaining half received that sequence on their 
second day. 


RrsuLTS 


The measure used in the data analysis was 
the reciprocal of the time taken to transverse 
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an alley segment, i.e., speed. For all com- 
parisons the mean speed measure for each S 
over a 4-day period was used. 

Four 2х2 х2 mixed factorial designs 
with repeated measures on the last two fac- 
tors (Winer, 1962, pp. 319-337) were em- 
ployed, one for each segment of the runway. 
That is, a separate analysis was performed 
on the A,B, A,R, A.B, and A,F segments. 
One factor was the experimental treatment 
(reduction or increment in G,) ; another was 
the shift (the mean of the last 4 preshift days 
and the mean of the 4 postshift days) ; and 
the last factor consisted of the alley (experi- 
Mental or control). 

A,B.—For the A, section, a safer level of 
confidence (р < .025) was selected for com- 
parisons because the variances before and 
after the shift differed, Fmax (9, 9) = 8.15. 
Figure 1 shows that in general the running 
speed was greater after the shift than before. 
F (1, 18) = 10.20. Since the triple interac- 
tion was also significant, F (1, 18) = 8.14, 
simple effects analyses were made compar- 
ing preshift and postshift running speeds in 
each alley for both groups. 

The reduction group was found to have 
run significantly faster after reduction in the 
experimental alley than before, F (1, 36) = 
18.52). But their prereduction and post- 
reduction speeds did not differ significantly 
in the control alley. The increment group 
did not run significantly faster in the incre- 
ment alley after receiving the increment than 
before, but they did run faster in the control 
alley after the increment in the experimental 
alley had occurred, F (1, 36) = 7.14. Since 
the reduction group ran faster after the 
reduction in the experimental alley and the 
increment group ran faster in their. control 
alley with no change in food there, it is not 
clear from the analysis of the beginning speed 
in A, that reduction produces frustration. 

A,F,—The mean speeds in the last portion 
of the A, section are shown in the lower 
graph of Fig. 1. The variances of all factors 
used in the analysis of variance Were homo- 
geneous so the .05 level of confidence was ар- 
propriate. Only the triple interaction Was 
significant, F (1, 10) = 11.50. 

The analysis of the simple effects showed 


РА – contro: aney 


| — exporimontat aney 


Speeds 


Meon 


Pro Post Pre Post 


Reduction Group Increment Group 


Fic. 1. А.В (upper) and AF (lower) segments 
of the runway with preshift and postshift presen- 
tations of the running speeds for both reduction and 
increment groups. 


that during the preshift period, Ss of the re- 
duction group did not run at significantly 
different speeds after receiving six pellets in 
G, than after receiving three pellets. But 
during the postshift period, they did run sig- 
nificantly faster on the reduction trials than 
on the trials in the control runway, F (1, 36) 
= 7.89. The increment group did not run 
at significantly different speeds in the two 
alleys during either the preshift or postshift 
periods. Hence, as predicted, reduction to a 
nonzero magnitude resulted in increased run- 
ning speed. 

A,—The A, section offered a situation 
exactly the opposite of the A, section with 
respect to reward manipulation. In this situ- 
ation the reduction group received an incre- 
ment in food in the prefeeding box when it 
ran toward a reduced reward, but the incre- 
ment group received a reduction in reward 
in the prefeeding box when it ran toward 
an increased reward. 

A,B.—The upper graph of Fig. 2 shows 
the mean speeds in the beginning of the A, 
alleys were greater after than before the shift 
in reward. Heterogenous variances required 
a safer level of confidence (p < .025) in the 
analysis of variance. Only the shift factor 


was significant, F (1, 18) = 21.05. 
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Fic. 2. A:B (upper) and AiR (lower) segments 
of the runway with preshift and postshiít presen- 
tations of the running speeds for both reduction 
and increment groups. 


A,R.—Homogenous variances allowed the 
.05 confidence level in the analysis of vari- 
ance which found a significant triple interac- 
tion, F (1, 18) = 10.14. As can be seen in 
the lower graph of Fig. 2, Ss that ran toward 
a reduced reward following an increment in 
food in the prefeeding box ran slower than 
they had before the shift, F (1, 36) — 5.00. 
They did not run at significantly different 
speeds in the control alley before vs. after the 
shift. The increment group, however, did 
not run at different speeds preshift and post- 
shift either while running in their control 
alley or in the experimental alley. 


Discussion 


Under the conditions of the present study, Ss 
of the reduction group ran significantly faster 
in the Ag Begin and Ag Run segments of the 
apparatus when they received an incomplete 
reduction of reward than when they expected 


and received a reward of the same size. The 
FE as a function of reduction of the reward 
was demonstrated. Thus when motivational 
level due to hunger is held constant, a reduction 
of reward to nonzero magnitude results in faster 


running speeds. 
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Although Ss of the increment group ran 
faster in the control alley after the shift than 
before, they did not run faster in the increment 
alley. Since a shift in magnitude resulted in 
no speed increase in the experimental alley for 
the increment group but did result in an in- 
crease in the experimental alley for the reduc- 
tion group, it is the reduction of reward which 
is responsible for the increased running speeds 
and not just change in reward. 

This finding of the FE to incomplete reduc- 
tion of reward has definite consequences for 
Amsel's theory of frustrative nonreward. Not 
only nonreward but a reduction in the expected 
reward produces FE. Bower (1962) has also 
found FE to incomplete reduction, but his study 
did not control for motivational level due to 
hunger. However, he inferred that the faster 
running speed was not due to hunger because 
his rats ran faster in the second alley over his 
three trials of reduction on a test day even 
though their hunger should have been getting 
less across trials. 

Since the present experiment was the first 
to use a prefeeding technique in conjunction 
with a double-goal-box runway, the behavior 
in the A, section of the apparatus is interesting. 
An explanation for the postshift reduction in 
speed of the reduction group immediately prior 
to G, is that the Ss were beginning to expect 
frustration following an increment in prefeed- 
ing. That is, six pellets of food in the pre- 
feeding box followed by running in the black 
(or white) experimental alley resulted in frus- 
tration, whereas three pellets of food followed 
by running in the black experimental alley or 
six pellets followed by running in the white 
(or black) control alley did not result in frus- 
tration. Thus, anticipated frustration may have 
begun to appear in the experimental alley when 
that alley followed the increment in prefeeding. 
This explanation can handle the findings of no 
increase in speed in A, of the increment group 
after the shift despite the decrease in prefeeding 
and is congruent with frustration theory. 
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RULE AND ATTRIBUTE IDENTIFICATION IN CHIL- 


DREN’S ATTAINMENT OF DISJUNCTIVE AND 
CONJUNCTIVE CONCEPTS? 
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The present experiment compared rule learning and attribute identification in 
the attainment of verbal disjunctive and conjunctive concepts. The Ss were 
72 fifth-grade children. Rule learning was more efficient than attribute 
identification, which, in turn, was more efficient than complete learning of 
both rules and attributes. Learning the disjunction rule was more difficult 
than learning the conjunction rule. However, the difficulty of the conjunction 
operation increased sharply with increases in irrelevant semantic meaningful 
variation. The kind of rule to be attained and the kind of information given 
S interacted with the number of problems solved such that the initially large 


differences between conditions decreased progressively over successive 


problems. 


Traditionally, concept-learning studies have 
investigated acquisition or identification of 
arbitrary concepts involving one or more rel- 
evant attributes (Archer, Bourne, & Brown, 
1955; Battig & Bourne, 1961; Walker & 
Bourne, 1961). Fewer investigations have 
been concerned with the effects on concept 
learning of various classes of rules expres- 
sing such relationships as conjunction, ad- 
dition, order, and inclusion. Neisser and 
Weene’s (1962) investigation is among the 
more notable of the earlier studies because of 
the variety of rules employed. They dem- 
onstrated that with two relevant attributes 
there were 10 different rules by which the 
attributes could be classified, i.e., by which 
concepts could be generated. The difficulty 
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of learning disjunctive concepts compared 
to the relative ease of learning conjunctive 
concepts, and the differences in the most 
efficient strategies for each kind of rule, in 
selection learning paradigms were described 
by Bruner, Goodnow, and Austin (1956). 
In a recent analytical experiment, using a re- 
ception paradigm, Haygood and Bourne 
(1965) separated rule and attribute identifi- 
cation as two principal features in the struc- 
turing of concepts. Their study disclosed 
that 


conceptual rules differ in difficulty initially regard- 
less of whether or not the relevant attributes are 
known, but the differences decrease across successive 
problems. Further, it was found that knowledge 
of the rule represents valuable information . . . 
which improves performance significantly [p. 175]. 


Verbal processes and concept formation 
obviously are closely linked, as noted by many 
investigators (e.g., Gagne, 1965; or Osgood, 
Suci, & Tannenbaum, 1957). Though non- 
verbal symbolic processes are unquestionably 
involved in concept learning, it would be 
difficult to describe the learning of a given 
concept without mention of mediational or 
other related processes. Even conceptual 
problems in which the stimulus (e.g., geo- 
metric designs) and response (e.g., card 
sorting) are ostensibly void of verbal con- 
tent are probably coded verbally by human 
Ss. The values and dimensions of stimuli 
in such tasks typically have appropriate 
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easily produced verbal designations (e.g. 
red triangle) that transform physical repre- 
sentations into a form readily storable in 
memory. Thus, S’s behavior is controlled 
by the abstracted attributes with which the 
verbal symbols or labels are associated. 
"These abstractions, in turn, are meaningfully 
grouped or combined by rules which them- 
selves are verbal. 
Despite emphases (еш. Archer, 1964; 
Зоигпе, 1966) on the verbal characteristics 
of concept learning. much of the research 
on the use of rules in concept identification 
has employed geometric designs for stimuli 
similar to those described by Bruner et al. 
(1956) or Haygood and Bourne (1965). 
Investigations of the effects of the kind of 
rule (i.e., the connective by which the rela- 
tionship is expressed) and information orien- 
tation (i.e., whether rule or attribute is made 
known to S) in concept identification prob- 
lems employing only verbal stimuli are lim- 
ited. Furthermore, the number of parallel 
studies with elementary school children is 
even more limited, if available at all, than 
those conducted with college students, though 
differences between children's and adults 
performance on concept-learning tasks are 
certainly implied in a number of studies. 
Bourne (1967, p. 11). eg., reports marked 
facilitative effects of instructions or, alterna- 
tively, practice in children's learning of the 
operations of conjunction and disjunction. 
The younger children (4.5- to 5.0-yr.-olds) 
derive slight benefit from experience, and the 
older children (6.5- to 7.0-yr.-olds) derive 
considerable benefit. Kendler (1961) more 
directly suggests the growing importance. 
with increasing maturity. of self-generated 
stimuli on the control of the child’s behavior, 
of which verbal behavior is a most important 
source of self-stimulation. Osler and Traut- 
man (1961) consider the possibility that 
complex stimuli may lead to many naming 


responses by children, most of which may be 
incorrect, thereby interfering with the ac- 
ily desig- 


quisition of the responses arbitrar! 
nated correct by E. 

The present experiment extends the Hay- 
good and Bourne, (1965) study by examin- 
ing the rule-following processes involved in 
children's identification of a verbal concept. 


5 CONJUNCTIVE AND DISJUNCTIVE CONCEPTS 
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Specifically, it examined the effects of two 
connectives (conjunction and disjunction) 
for expressing conceptual relationships and 
the effects of rule and.attribute identification 
on concept learning. Verbal stimuli dif- 
fering on three salient dimensions of semantic 
space were employed. Although it was hy- 
pothesized that to learn the rule when at- 
tributes were given (rule identification) 
would be less difficult than the converse (at- 
tribute identification), it was also assumed 
that either would be more easily mastered 
than a combination of the two (complete 
learning). On the basis of Haygood and 
Bourne's results it was further hypothesized 
that learning the conjunction operation would 
be more efficient than learning the disjunc- 
tion operation. Since, in a sense, this was a 
feasibility study to determine whether se- 
mantic dimensions could be employed in 
concept-learning tasks and because certain 
of the other connectives (e.g. conditional) 
were thought to be too difficult for children, 
the study was limited to the conjunctive and 
disjunctive connectives. Since some previ- 
ous studies employed the practice of multiple 
insertion of identical stimuli in the learning 
of conjunctive concepts, a set of groups was 
added in the present study in which the con- 
junctive conditions involved learning of con- 
cepts based on semantically related attributes 
rather than on the repetition of identical at- 
tributes. It was hypothesized that the added 
mediational requirement of this task would 
increase the complexity of learning the con- 
cept. Finally, the effect of practice was in- 
vestigated by providing successive problems 
within each condition. 


METHOD 


Design.—The procedure and materials implied a 
3X 3 factorial design; each S within a unique con- 
dition was tested on five problems, each of which 
was comprised of different attributes. In one set 
of conditions S learned a rule (RL), learned the 
attributes (AL) to be related, or learned the com- 
plete task of identifying both rules and attributes 
(CL). These conditions were crossed orthogonally 
with three connective variations: ie, conjunctive 
combination of identical attributes (Group CI); 
conjunctive combination of semantically related 
attributes (Group CS) ; and disjunctive combination 
of identical attributes (Group DI). Group CS was 
used to control for the large number of positive 
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instances necessary to balance the negative in- 
stances inserted in the conjunctive problems for 
Group CI. 

Subjects—The Ss were 72 fifth-grade pupils 
enrolled in two public elementary schools. An S 
was assigned at random to one of the nine treat- 
ment groups (л = 8) by reference to a table of 
random digits as he appeared at the experimental 
setting. Since Ss were grouped homogeneously 
in the schools, according to aptitude, randomiza- 
tion was restricted to the extent that Ss were 
selected to represent equally both academic aptitude 
and schools in each experimental condition. None 
of the Ss had participated previously in a verbal- 
learning or concept-learning experiment. 

Materials—The stimulus materials were com- 
prised of decks of 3 X 5 in. unlined cards on which 
were printed three attributes to describe instances 
of the verbal concepts to be identified by S. There 
were 15 such decks of cards, 5 for each of Groups 
CS, CI, and DI. Each of the decks of cards had an 
equal number of positive and negative instances of 
the concept to be identified. 

The nine adjectives to be used in the CI and DI 
conditions were selected from norms based on 
semantic differential ratings of concepts by fifth- 
grade children (Di Vesta & Walls, 1969). 

These adjectives represented high, medium, and 
low values (that is, 5.1-7.0, 3.1-5.0, and 1.0-3.0, 
respectively, on а 7-point scale) of the three 
salient dimensions measured by the semantic dif- 
ferential. The adjectives representing the evalua- 
tion dimension were CLEAN, NEUTRAL, and DIRTY; 
those representing the activity dimension were 
FAST, CONSTANT, and stow; and for the potency 
dimension, STRONG, ORDINARY, and WEAK were used. 
These words provided 27 different combinations in 
which one value from each of the three dimensions 
can be included. An evaluation, activity, and 
potency adjective (value) appeared in that order, 
equally spaced, and typed in capital letters across 
the lower half of each card. On the top half of 
each card was stamped the silhouette of a person. 
In order to equate the number of positive and 
negative instances, it was necessary to insert 3 
negative instances into each disjunction deck and 
21 positive instances into each conjunction deck. 
Mayzner (1962) has reported that the balance of 
positive to negative instances is important for 
proper control of competing associates which in- 
fluence speed of acquisition. From this pool of 
instances the five problems required S to work 
with the following sets of attributes: (a) dirty- 
constant, (5) clean-strong, (c) fast-ordinary, (d) 
neutral-slow, and (e) fast-weak. ' 

Since 21 positive instances had to be added to 
the stimuli for the CI condition, it is apparent that 
repetition of specific instances might be as influen- 
tial as identification of the concept in acquisition 
trials. Accordingly, 27 additional adjectives, three 
from each value range of each dimension on the 
semantic differential norms, were chosen in order 
that each of the inserted cards could still represent 
a positive instance of the concept but with different 
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absolute stimuli. These were used for Cond. CS. 
Thus, for example, the positive-evaluative dimen- 
sion was represented by the adjectives clean, good, 
beautiful, and kind; the neutral-evaluative dimen- 
sion by neutral, typical, usual, and standard; 
and the negative-evaluative dimension by dirty, bad,” 
cruel, and ugly. Attributes based on the potency 
and activity dimensions were selected in similar 
fashion. With these sets of attributes, concept in- 
stances were constructed without redundancy of 
absolute terms used. Accordingly, if the concept 
to be identified was to be positive on both the 
evaluation and potency dimensions, both clean- 
slow-strong and beautiful-swift-powerful were 
positive instances. All adjectives in the experiment 
were matched as closely as possible on the G iridex 
of the Thorndike-Lorge (1944) word-frequency 
count. 

A card showing the three possible values of the 
three semantic dimensions was exposed to S at all 
tímes. In the control condition, a card with the 
three additional adjectives printed beneath each 
dimensional value was used in the preliminary part 
of the experiment and was available to 5 through- 
out the experiment. Additional special cards were 
prepared to illustrate the rules in the AL condi- 
tion and the relevant attributes in the RL con- 
dition. Two cards, with "yes" on one and "no" 
on the other, printed in large red letters, were used 
to indicate the location of the sorting piles for the, 
positive and negative instances. 

Procedure.—The S was seated to the left and 
slightly in front of E at a table. Following brief 
introductory remarks, S was instructed that he was 
to play the role of a detective and try to figure out 
what kind of people were in a certain group of 
make-believe people. If, after looking at the three 
words on the card, he thought that the person 
was a member of the make-believe group, he was 
to put the card in the yes pile; and conversely, if 
he did not think the person was in the group, he 
was to put the card in the no pile. The S was also 
informed that E would tell him after each response 
whether the card had been correctly or incorrectly 
sorted. 

The S was then shown the card on which all 
adjectives were printed. He was told that only 
two of the words (or, for the S in the CS condi- 
tion, two sets of words) were relevant to finding 
the solution to the "detective" problem. Each 5 in 
the CS condition was further pretested orally by 
E to make certain the connotative similarity of the 
original dimension value and its three semantic 
associates were known to 5. If not, 5 was shown 
how the adjectives, comprising the set for each 
dimension, were related. : 

The Ss in the attribute-learning (AL) conditions 
were then shown and had explained to them the 
appropriate rule card for their problem series. 
A combination rule (either conjunctive or disjunc- 
tive, depending оп experimental conditibn) was 
explained to S, showing him that his task was to 
identify the attributes relevant to the concept. 
Before the start of each new problem, E re- 
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TABLE 1 
_ _ Mean NuwBER ок Errors (E) AND Trias (T) то SoLUTION 
Problem | 
А == = | All problems 
Kind of rule | 
ind of rule | 1 2 3 д 5 
T = - i ] 
= _ I T E T gE | ti} © T E T E T 
Conjunction m 
КЕ 1.88 | 17.75] 2.25 | 11.00 | 0.38 | 3.13 | 0.13 | 1.25 
З 14.75 | 46.25] 5.38 | 17.63 3.50 | 9:63 | 2.00 | 5.75 
En 4.2. 2. 7 ba 
Disjunetion 34.28 | 92.88| 9.50 | 37.00| 5.63 | 21.75 | 2.13 | 12.38 
AD з 14.50 | 31.50] 1.25 | 7.50| 1.50 | 475 | 1.00 | 5.50 
ero 26.38 62.88 18.13 44.88 4.38 | 17.63 | 10.13 | 26.88 
Muss 9.75 Bj y 2. 7. 5. .63 
Cot jünctin (related stimuli) 5|1 6.50 00 | 17.38 | 45.63 | 11.63 | 33.63 
RU 20.88 | 66.50] 625 | 28.00] 6.88 | 21.38 | 5.75 | 18.50] 2-75 | 122 
"id 2038 | 00975 | 21.88 | 65.75| 6.50 | 33:00 | 7.00 | 21.88 | 6.13 | 298 
mes 3638 | 158.13 | 43,88 | 134.75 | 20.00 | 71.63 | 13.25 | 44.63 | 10.38 | 48.7 
АП groups 
1442 | 3858 | 3.25 | 15.50] 2.92 | 9.75] 29 | 842| 125 | 65 
AL 43-95 | 7496 15.13 | 42:75] +79 | 20.08 | 6.38 | 18.17 | 346 | 21.3 
cL 56.75 | 150.21| 23.29 | 74.58] 14.33 | 46.33 9.00 | 30.21 6.58 | 26.1 


affirmed the applicability of the rule and that S's 
task was to identify the two relevant attributes 
from the stimulus population. 

In the rule-learning (RL) conditions, S was 
given the appropriate attribute word-card before 
each problem and instructed to “figure out how 
these words are important for telling which people 
are in the new group of make-believe people and 
which people are not in the group.” The rule to 
be discovered by Ss in the disjunctive condition 
emphasized inclusive disjunction in which one or 
both relevant attributes must be present for a 
positive instance of the concept; for the conjunc- 
tive conditions the rule to be discovered empha- 
sized that both relevant attributes (or, dimensions 
in Group CS) must be represented in a positive 
instance. 

The Ss in the complete-learning (CL) groups 
RL nor AL information. They 
lus domain and the number of 
Their task was to identify the 
or disjunctive) as well as the 
concept attributes to which it must be applied. 

The S in any one treatment group solved five 
problems. The problem on which he began was 
determined by reference to a table of random 
digits. The appropriate deck of cards was fure 
by E and placed in front of S. If more trials than 
the number of instances in the deck were required 
to reach a criterion of 16 consecutive responses on 
a problem, the deck was reshuffled. The same rule 
was used by S, within a given instructional condi- 
tion, to solve all five problems. As previously ex- 
plained, a different pair of attributes was used for 
each problem. 


were given neither 
knew only the stimu 
relevant attributes. 
rule (conjunctive 


RESULTS 


Performance was measured by trials to 
criterion and number of errors. The meat 
scores based on both measures for all condi- 


tions are reported in Table 1. A mixed 
analysis of variance was used in analyses sep- 
arately based on trials to criterion and error 
scores. Since both sets of scores are highly 
correlated, the analyses yielded comparable 
results. Thus, with one exception, only the 
results of analyses for trials to criterion are 
discussed. 

The analysis yielded F (2, 63) = 30.02, 
p < 01, for the effect due to kind of rule 
(CI, CS, or DI); F (2, 63) = 51.27, p < 
01, for the effect due to information orienta- 
tion ( AL, RL, or CL); and F (4, 252) = 
62.90, p < .01, for the effect due to problems. 
In addition, the effect due to the Rules X 
Problems interaction yielded F (8, 252) = 
297, p < .01; the effect due to the Infor- 
mation Orientation X Problems interaction 
yielded F (8, 252) = 946, p < 01; and the 
effect due to the Rules x Information Orien- 
tation X Problems interaction yielded F (16, 
252) = 2.39, р < .01. The Kind of Rule X 
Information Orientation interaction, based 
on trials to criterion, was not significant, F 
(4, 63) = 2.41, p > 05. However, it was 
significant for number of errors, F (4, 63) 
= 3.03, p « .025. 

The number of trials to criterion for each 
of the three rule conditions (CS > DI» 
CI) was significantly (p < .01) separated 
from the other two via Scheffé’s test of 
multiple comparisons. These results are 
graphically displayed in Fig. 1. The differ- 
ences in number of trials to criterion between 
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Fic. 1. Mean trials to criterion over five prob- 
lems as functions of three rule conditions (CS, 
DI, and CI). 


all pairs of information orientation treat- 
ments (CL > AL > RL) were also signifi- 
cant (p < .01) via Scheffé's test. The latter 
comparisons are shown in Fig. 2. 

The significant Rules x Problems and In- 
formation X Problems interactions indicate 
that not only is there a learning-to-learn ef- 
fect over trials, but also the difficulty among 
treatments in either the rule or information 
orientation factors decreases differentially 
over successive problems. Furthermore, the 
significant triple interaction indicates that 
treatments in both the rule and information 
orientation sets of conditions reach asymptote 
at differential rates. Note, e.g., the great 
disparity among treatments on the first prob- 
lem and the relative similarity among them 
on the fifth problem. "These results are re- 
flected in the differential displacement of the 
curves as depicted in Fig. 1 and 2. 


Discussion 


The present study investigated the effects of 
attribute- and rule-learning orientations on chil- 
dren’s identification of concepts based on two 
relevant and one irrelevant semantic attributes, 
The attributes of any one concept instance were 
depicted by three adjectives representing the 
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three salient dimensions of semantic space as 
measured by the semantic differential. 

The performance over the five problems 
closely approximates the typical learning-to- 
learn data in which an increase in problem 
solving efficiency occurs over trials. The fact 
that children can reach asymptote in relatively 
few problems is attested to by Shepard (1957). 
The Ss form a learning set to look for cues in 
subsequent problems which have proven help- 
ful to them, Common patterns of response 
emerge, and S learns the true nature of the 
solutions that he is expected to identify, Since 
there is a progressive decrease over problems 
for both the information orientation and rule 
conditions, it is apparent that rule learning is 
as much a part of conceptual behavior as attri- 
bute learning or, to quote Haygood and Bourne 
(1965), "In the last analysis, it is not the 
specific attributes, inextricably tied to the rule, 
which the subject acquires as the concept, but 
rather the rule itself [p. 190]." 

The results clearly demonstrated, as might 
be expected, that to attain the concept took 
considerably more trials for Ss who were 
required to learn both the rules and the attri- 
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Fic. 2. Mean trials to criterion over five prob- 
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butes ( complete learning) than for Ss who 
were required to learn only the attributes or the 
rules. Nevertheless, it took more trials (and 
more errors were made) when the requirement 
was to find the attributes given the rule than 
when the requirement was to learn the rule 
given the attributes. While Ss in the rule- 
learning condition acquired the concept on the 
first problem in 40 trials, it took twice as many 
trials for Ss in the attribute-learning (reall 
attribute identification) condition and approxi- 
mately four times as many trials for Ss in the 
complete learning condition to reach criterion. 
| The kind of rule, whether conjunctive or dis- 
junctive, clearly makes a difference in the diffi- 
culty of the task. Other things being equal, 
conjunctive concepts are more easily learned 
than disjunctive concepts. Although, as indi- 
cated earlier, since some redundancy was re- 
quired in the conjunction condition to balance 
the numbers of positive and negative concept 
instances, this finding may be due, in part, to 
repetition of instances in the conjunctive con- 
cept tasks. However, when semantically re- 
lated attributes comprise the domain of attri- 
butes from which one attribute may be drawn as 
a substitute for another (e.g., when either clean 
or pretty can be used to represent the positive 
evaluative attribute), the application of the 
conjunction rule becomes sufficiently compli- 
cated that its advantage is lost. 

The somewhat more surprising result is 
that the use of semantically related stimuli in 
the conjunctive condition does not have a 
greater disruptive effect than is actually the 
case. It took just twice as many trials for 
attaining the first problem when the disjunctive 
rule was used with identical attributes than it 
did when the conjunctive rule with identical 
attributes was used. But only 20 more (ie, а 
total of 120) trials were required to learn the 
concept when the conjunctive rule was used 
with the semantically related attributes. Never- 
theless, for learning in which the additional 
Process was required (i... mediation of simi- 
lar instances) rule identification was inter- 
rupted. The additional cognitive requirement 
demanded by increased complexity may have 
increased the memory load for Ss in Group CS, 
though effects of memory, if present, may be 
Pies раа since the values of all 

were displayed for Ss. 

An alternative, and simpler, interpretation is 
based on the amount of irrelevant information 
in the task performed by Ss in Group 
Note that the concept generated in the CS con- 
dition bears a resemblance to the kinds of con- 
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cepts used in two earlier studies. One of these 
(Hovland & Weiss, 1953) employed categories 
with multiple values at different levels as illus- 
trated in the concept “red or green or yellow 
and triangle or square or circle.” In compari- 
son, Group CS performed a task with multiple 
values at the same level of the relevant semantic 
dimensions. Clearly, there is irrelevant varia- 
tion among the semantically related stimuli 
much like the manipulations of the number of 
irrelevant attributes within levels of the one- 
dimensional task described by Battig and 
Bourne (1961). In the task performed by Group 
CS, though with distributed rather than com- 
pact stimuli (Shepard, Hovland, & Jenkins, 
1961), there was similarly increased semantic 
and meaningful variation with the correspond- 
ing increase in difficulty as also found in the 
Battig and Bourne study. 

The present results were obtained when two 
of three given semantic attributes were rele- 
vant. The conditions of the present experiment 
are very near the minimal requirements for 
comparing the effects of conjunctive and dis- 
junctive rules on concept learning, yet sub- 
jective observations of the fifth-grade Ss' per- 
formance suggested that the maximum effort 
of the Ss was taxed in the disjunctive complete 
learning condition with a limited (п —9) do- 
main of attributes, Thus, it is the authors” 
impression that it would have been relatively 
difficult, without radical changes in the experi- 
mental procedure, to have used the disjunctive 
condition with semantically related attributes in 
which the domain of attributes was considerably 
larger than nine. Similarly, it should be noted 
that while Haygood and Bourne’s (1965) Ss 
reached complete mastery of the conjunction 
rule on the first problem and of the disjunction 
rule on the fourth problem, Ss in the present 
experiment did not perform quite as well. 
Nevertheless, the correlation between results 
in corresponding conditions of both studies is 
readily apparent. This observation suggests 
that the younger Ss in the present study were 
learning the rule and how to apply it; the older 
Ss’ nearly perfect performance on the first 
problem suggests they were thoroughly familiar 
with the rule (although, of course, the use of 
verbal stimuli might also have lowered the 
efficiency of the younger Ss). Accordingly, the 
older Ss had only to experience a minimal num- 
ber of instances to identify the relevant dimen- 
sions and values. Once this task was accom- 
plished the rule could be used efficiently to form 


whatever categories were demanded by the task 
requirements. 
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DELBOEUF ILLUSION: 


DISPLACEMENT VERSUS DIAMETER, ARC DELETIONS, 
AND BRIGHTNESS CONTRAST: 


DANIEL J. WEINTRAUB,? BARBARA A. WILSON, RICHARD D. GREENE 


University of Michigan 
AND MARJORIE J. PALMQUIST 
Boise College 


Magnitude of the Delboeuf (concentric circle) illusion was determined by 
the up-and-down (staircase) method. Variables were (a) diameter ratio 
between concentric circles, (b) circumference remaining after dotting one 
of them, and (c) reflectance contrast, the reflectance of the circumference 
relative to the white background. Previous evidence is supported: Assimila- 
tion occurred, the test (judged) circle being displaced toward the inducing 
circle; the distance paradox was evident with maximum displacement near 
diameter ratios (test: inducing circle) of 2:3 and, less consistently, 3:2. 
Dotting or reducing the reflectance contrast of the test circle increased 
illusory effects. Dotting or reducing the reflectance contrast of the inducing 


circle diminished them. Reducing equally the reflectance contrast of both 
circles had little effect on the size of the illusion. 


The Delboeuf illusion consists of a change 
in the perceived (judged) size of one circle 
in the presence of another concentric circle. 
The studies to be reported had several aims: 
to demonstrate changes in the magnitude of 
the illusion as increasing amounts of a circle 
circumference are deleted, to map the influ- 
ence of diameter ratios, and to investigate 
brightness contrast. 

The circle whose size S is asked to judge 
is called the test (T) circle, the circle con- 
centric to it the inducing (I) circle, the 


1 Experiment I is based on research by the sec- 
ond author for her senior honors thesis in the 
Psychology Department, University of Michigan. 
Experiment II was undertaken by the fourth author 
at a National Science Foundation Research Partici- 
pation for College Teachers Program at the Uni- 
versity of Michigan. The first author takes sole 
responsibility for the third experiment; Lynn 
Cooper ran the Ss, Preliminary control and feasi- 
bility studies are the contribution of the third 
author. This investigation was supported in part 
by a United States Public Health Service Research 
Scientist Development Award (K3-MH-35253) to 
the first author from the National Institute of 
age Health. A portion of the research funds 
Grant GB ЭГО. by National Science Foundation 

2 Requests for reprints should be sent to Daniel 
J. Weintraub, Department of Psychology, Univer- 
sity of Michigan, Ann Arbor, Michigan 48104. 


circle with which T is to be compared the 
comparison (C) circle. The three circles 
are presented simultaneously, and S must de- 
cide whether C is larger or smaller than T. 
If T is judged larger than its physical size, 
then the illusory effect (displacement) is 
positive in sign. Displacement of the judged 
size of T toward the size of I is termed 
assimilation; displacement of T away from 
I is termed contrast. 

Sagara and Oyama (1957; Oyama, 1960) 
discussed many Japanese studies of the Del- 
boeuf illusion. The findings show assimila- 
tion, ie, a positive displacement for Ts 
smaller than I, and a negative displacement 
for Ts larger than I. Results of many 
studies indicate that displacement (mea- 
sured as percentage of change) depends on 
relative rather than absolute size relation- 
ships between concentric circles (but see 
Oyama, 1956, p. 32). Maximum distortion 
occurs at T:I diameter ratios of 2:3 and 
3:2. The illusory effects decline to either 
side of these maxima and approach zero as 
T approaches I in size (Ikeda & Obonai, 
1955), an illustration of the distance para- 
dox. As T becomes very small or very 
large relative to I, illusory effects also drop 
toward zero and may revert from assimilation 
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to contrast (Ikeda & Obonai, 1955; Keats, 
1964). 

Oyama (1962) concluded that though the 
hue of the circles does not affect the size of 
the illusion, brightness (reflectance contrast ) 
differences are important. Similarity or dis- 
similarity of hue and brightness between the 
circles had no effect. 

The up-and-down psychophysical proce- 
dure possesses mathematical and methodo- 
logical advantages? (Brownlee, Hodges, & 
Rosenblatt, 1953; Cornsweet, 1962; Hake & 
Rodwan, 1966). In the procedure as em- 
ployed here, each S judges a particular T-] 
combination only once. The succeeding У 
judges the same T-I combination paired with 
a C circle determined by the preceding 5 
response, the C one step larger if the pre- 
ceding S said smaller, the C one step smaller 
if the preceding S said larger. (The first 5 
receives E’s best estimate of a C circle sub- 
jectively equal to T.) As responses cumu- 
late across 55, the data tend to oscillate about 
the point of subjective equality for size. Sta- 
tistical calculations are relatively straight- 
forward (Dixon & Massey, 1957). 

Gestalt psychology inspired these experi- 
ments. Gestalt theories have postulated ex- 
traneural force fields in the visual cortex 
(Köhler, 1940), and the model leads to the 
following predictions: Dotting a T circle by 
removing portions of its circumference 
(thereby weakening internal cohesiveness) 
will increase the illusory effects; the greater 
the circumference removed, the greater the 
effects. Conversely, dotting the I circle 
(weakening the internal cohesiveness and 
thus reducing its potency as an inducing 
stimulus) will reduce illusory effects. The 
Circle Sizes x Dottedness interaction was of 
interest because of the so-called distance 
paradox. Since removing arcs from a cir- 
cumference can be interpreted as a reduction 
in average figure-ground contrast, a second 
experiment was designed to investigate the 
brightness (reflectance) contrast of a circle. 
In a third experiment the I Contrast x T 
Contrast interaction was studied. 


з The first author wishes to thank W. E. Kap- 
pauf for calling his attention to the method many 
years ago and J. E. Keith Smith for emphasis 
its advantages. = 
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EXPERIMENT | 
Method 


Subjects—The 40 Ss were volunteers, 18-45 уг. 
of age, 15 men and 25 women. 

Sfimuli—All circles were drawn in black (2.7% 
reflectance) India ink on white (73% reflectance) 
5X4 in. cards. Line thickness was 1 mm. The 
I circle remained fixed at 30-mm. diameter, and 
T circle diameters were chosen in 5-mm. steps 
from 5.0 to 65.0 mm. Ап I circle and one con- 
centric T circle appeared on each stimulus card. 
Dottedness was accomplished by drawing 25%, 
50%, or 100% of a circle's total circumference. 
The circumference remaining was displayed as 
eight equal, equally spaced, arcs. Dottedness con- 
ditions are designated by the ratio of T circumíer- 
ence remaining to the I circumference remaining. 
The five T/I dottedness ratios were .25/1, .50/1, 
1/1, 1/.50, 1/.25, with arcs aligned as illustrated 
in Fig. 1. 

The set of stimuli consisted of 63 cards repre- 
senting the possible combinations of dottedness 
and size (63 combinations rather than 65 were 
possible since for T=I=30 mm, the single 
circle can adopt only one of three dottedness 
values). Comparison circles (no circumference 
removed) were drawn every .5 mm. from 4.0 
through 70.0 mm. Circle diameters were calibrated 
to the nearest .1 mm. with the aid of 25-power 
magnification. The circles were centered on their 
cards, and one T-I combination could be placed 
adjacent to a C circle in a white stimulus holder 
so that the distance (which was horizontal) be- 
tween the center of C and the center shared by 
T and I was 4 in. 

Procedure.—The cards were viewed binocularly 
(fixation not required) by S as he held the card 
holder at arm's length while E switched cards and 
recorded responses. In order to minimize the aura 
of the laboratory setting, the apparatus was taken 
to Ss. Testing was conducted in a variety of in- 
formal surroundings, avoiding extreme environ- 
mental conditions for unmanipulated variables. 
Each S gave one judgment for each of the 63 T-I 
combinations presented in a random order. Each 
combination was paired with a C circle determined 
by the response of the previous S to that T-I 
combination in accordance with the up-and-down 
method. The S was required to state that C was 
either larger or smaller than T. It is advan- 
tageous to construct the step size of comparison 
stimuli to approximate one standard deviation of 
the measures (Dixon & Massey, 1057; Kappauf, 
in press). A preliminary investigation showed 
i-mm. steps to be a good estimate, Mean diameter 
of C judged equal to T and the standard error 
of the mean were calculated using the Dixon and 
Massey formulae. 


Results 


Displacement data (magnitude of the il- 
lusion) are plotted in Fig. 1. Displacement 
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is equal to mean diameter of C judged equal 
to T, minus the physical diameter of T. One 
standard error to either side of the mean is 
shown by vertical bars. Assimilation gen- 
erally is found, and the distance paradox is 
evident. With T < I, maximum distortion 
lies at a T:I diameter ratio of 2:3; with 
T > I, the peak distortions differ somewhat 
Manipulating dottedness produces the pre- 
dicted effect. Dotting the T circle increases 
illusory effects ; the smaller the circumference 
fraction remaining, the greater the displace- 
ment. Dotting the I circle produces a cor- 
responding reduction in displacement. 


Discussion 


Dottedness provides impressive alterations in 
displacement magnitudes. Dotted circles serve 
as ineffective I figures, but are readily displaced 
as T figures. Stated loosely, the less circum- 
ference remaining, the weaker (less cohesive) is 
a circle. Stated functionally, decreasing arith- 
metically the T/I dottedness ratio increases dis- 
placement. The curve of Ikeda and Obonai 
(1955) for the simultaneous presentation of I 
and T is in good agreement with the T/I dot- 
tedness ratio 1/1 (the standard Delboeuf). Ya- 
mada (1961) presented circular arcs with a 
somewhat different configuration and also found 
that the greater the arc length of an I figure, 
or the less the arc length of a T figure, the 
greater were the illusory effects. 

Within the range of diameter ratios tested 
the distance paradox is evident. A definite 
maximum exists at a T:I ratio of 2:3. When 
T exceeds I in diameter, the data hint that the 
maximum displacement point may shift to the 
left as the amplitude of maximum displacement 
Past studies have often found contrast 
large or small relative 
1955). There is 
th small T, but 
arge dotted 


grows. 
effects when T is very larg 
to I (eg. Ikeda & Obonat, $7 
no such switch for these data w! 
there is a reversal to contrast for | 
T circles, 

, From Fig. 1 it can be noted that at least 
in the absence of an I circle ( when Ted 

mm.), differences in dottedness between T and 
C are of little consequence. (Preliminary ex- 
periments also led to the conclusion that T-C 
dottedness differences can be safely ignored.) 
The Т/Т dottedness ratios .25/1 and 1/.25 pro- 
duce illusory effects that differ markedly. Dis- 
similarity of T and T with respect to dottedness 
is not the crucial variable: it makes a vast 
difference which circle is dotted. Pollack 
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Fic. l. Displacement (amount of illusion) as a 
function of T circle diameter for different T/I 
dottedness ratios. (As T varied, the diameter of 
the I circle remained constant at 30 mm. The 
circles used to illustrate dottedness arbitrarily show 
T as larger than I; for T <30 mm, however, T 


is smaller than I.) 


(1963) has argued that an important factor in 
visual illusions is O's sensitivity 


geometrical l 
and his data imply that decreasing 


to contour, 
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Fic. 2. Displacement (amount of illusion) as а 
function of T circle diameter for different T/I 
reflectance ratios. (The diameter of the I circle 
remained constant at 30 mm. as T varied. Line 
thickness of the concentric circles shown is a device 
to depict grayness, with T arbitrarily drawn as 
larger than I.) 


contour detectability is related to decreased 
illusory effects. Dottedness may influence illu- 
sion magnitude by altering the average contour 
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contrast. The second experiment concerns this 
possibility. 


EXPERIMENT II 
Method 


Subjects.—The 520 Ss were oí college age or 
older. They were passersby, primarily students and 
staff at the University of Michigan, who were 
willing to donate less than a minute of their time 
to make a maximum oí five size judgments. 

Stimuli.—The apparatus was a slightly enlarged 
version of that employed in Exp. I. The stimuli 
were drawn in India ink on 5 X 5 in. cards. Line 
thickness was .4 mm. Circle diameters and posi- 
tions were the same as those of the first experiment 
except that the distance between the center of C 
and the center shared by T and I was enlarged to 
5 in. All circles had complete circumferences; 
the new variable of interest was the reflectance 
(grayness) of the inked line forming a circum- 
ference. The reflectance of the "white" stimulus 
cards was 73%. Three achromatic India inks 
were employed: “black” (2.7% reflectance), “dark 
gray” (21.6% reflectance), and “medium gray” 
(39.4% reflectance). The five T/I reflectance ratios 
were 15/1 (39.4/27), 8/1 (21.6/27), 1/1 (2.7/2.7), 
1/8 (27/21.6), and 1/15 (27/39.4). Either T or I 
was always black. All C circles were also black. 
Note that reflectance ratio is stated in terms of 
the increased reflectance (whiteness) of a gray 
circle when compared with a black circle. Stimu- 
lus luminance varied depending on where S was 
when he consented to being tested. An illumina- 
tion level suitable for reading was the requirement. 

Procedure.—The apparatus was viewed binocu- 
larly by S from an arm's length position. There 
were 63 stimulus configurations. Each S made 1 
judgment on each oí five stimuli, the five reflectance 
ratios associated with a given T circle diameter. 
(For T2I-— 30 mm., the single circle can assume 
only three grayness values; Ss serving here made 
3 judgments.) Thus, there were 40 judgments 
(and therefore 40 Ss) per stimulus, with diameter 


of T as a between-Ss variable and reflectance ratio 
as a within-Ss variable. 


Results 


Displacement data (magnitude of the il- 
lusion) are plotted in Fig. 2; = one standard 
error of the mean is indicated by a vertical 
bar about the mean. For circles shown in 
the figure, line width is used as a device to 
depict grayness. The actual stimuli were 
circles of equal line thickness. Assimilation 
is found and the distance paradox is evident. 
With T < I, maximum distortion again lies 
at a T:I diameter ratio of 2:3; with T > I, 
peak distortions differ from 3:2. Manipu- 
lating grayness on a white background pro- 
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duced ihe predicted outcome. The greater 
the reflectance of the T circle, the greater the 
illusory effects. The greater the reflectance 
ot the I circle, the smaller the illusory effects. 
These data are in accord with those of 
Oyama (1962). As is evident for a re- 
flectance ratio of 15/1, striking illusory ef- 
fects can be obtained when T is larger than 
I and not so black as I (presuming a white 
background). Note also that for no T >I 
does the illusion reverse back to positive. 
Therefore, except for two small-diameter T 
circles, the illusion is one of assimilation. 


Discussion 


The curves labeled 1/1 in Fig. 1 and 2 con- 
stitute a replication of the standard Delboeuf 
illusion (black stimuli, complete in circum- 
ference). Of the 13 pairs of 5% confidence 
intervals from the two experiments, 3 pairs fail 
to overlap. It is possible that the confidence 
intervals provided by the Dixon and Massey 
(1957) formulae are too small, but even more 
likely that alterations added in Exp. II influ- 
enced the data. One change in procedure de- 
serves special mention. In the second experi- 
ment, stimulus cards were widened by an inch 
and circles moved an inch farther apart; and 
large-diameter medium- or dark-gray T circles 
exhibited assimilation, through the large dotted 
T circles of Exp. I did not. One possible 
explanation is that the border of a stimulus 
card produces a substantial assimilation effect 
upon large T circles. Further indirect support 
for a border effect is that in Exp. I] with T > I. 
of maximum illusion appear to have 
ard larger T circles. A border effect 
s appealing because if it is cor- 
uf illusion is one of assimilation 
hout the entire size range. 
ction of dottedness 
For either variable 
d with a maximum 
diameter ratio 


the points 
shifted tow: 
explanation i 
rect, the Delboe 
(attraction) throug! 
In a qualitative way the a 
and reflectance are similar. 
the distance paradox is foun 
illusion when T <I at a Т:1 
af 2:8, Two pairs of curves permit a direct 
comparison. A 50 black dotted circle and a 
mediumigray complete circle are nearly equal 
in average reflectance, Therefore the curve 
labeled 1/.50 can oM with the curve 
labeled 1/15, and similarly, .50/1 with 15/1. 
There is good correspondence except for the 
lower limbs of curves .50/1 and 15/1, the re- 
gion where a card-border effect may have 
altered most the comparability of the "results. 
The data favor the hypothesis that the effects 
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of dotting a circle can be explained on the basis 
of a reduction in average reflectance contrast 
between figure and ground. Such a conclusion 
has logical support. If the number of equal, 
equally spaced, arcs into which a circle is 
divided were increased, the acuity of the visual 
system would set a limit on resolving the indi- 
vidual arcs. From that point on the deletion 
of every other arc would be perceptually equiv- 
alent to a change in reflectance contrast. 

Like dottedness in Exp. I, the similarity or 
dissimilarity in reflectance between I and T 
circles is not crucial. The reflectance of a circle 
with respect to the surround and its function as 
either I or T are of greatest importance. If 
both I and T were medium-gray rather than 
black, one could expect I to be a less potent 
inducer, but T to be more susceptible to dis- 
placement. 


Experiment 11 


Experiment III was designed to (a) re- 
check the "control" condition, the use of T 
alone at different reflectances compared with 
black C circles; (b) replicate the second ex- 
periment for one T circle size; and (c) test 
Pollack's contour-contrast hypothesis by in- 
creasing the reflectance of T and I equally, 
ie investigate the interaction of I-T re- 
flectance contrast. After the data were 
gathered it was realized that if the so-called 
control (I absent) were considered to be an 
I circle of zero reflectance contrast with re- 
spect to its surround, then the data were 
totally in parametric form with two data 
points missing. 


Method 


Subjects—The 60 Ss were of college age or 
older, primarily students and staff from the Uni- 
versity of Michigan. By offering 25¢ for partici- 
pation, the difficulty in attracting passersby to 
serve as Ss was eased. 

Stimuli—The card holder was а replica of that 
employed in Exp. IL Cards from Exp. 11, the 
black C circles, were used again. The I-T stimulus 
cards were redrawn. All circles had complete 
circumferences. The I circle diameter was 30 mm. ; 
only one T diameter, 45 mm., was employed. 
Better control of stimulus reflectance was gained 
by drawing gray stimuli with Grumbacher Gamma 
neutral gray paints (Grumbacher) thinned ap- 
proximately one to one with distilled water and 
used like ink in a ruling compass. The reflectance 
of the "white" stimulus cards was 8296; "light 
gray” was Gamma 1, 60% reflectance; “dark gray" 
was Gamma 4, 28% reflectance ; “black” was India 
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ink (Higgins), 3% reflectance. In Fig. 3, reflec- 
tance contrast, a measure indicating the degree to 
which a stimulus is of lower reflectance than the 
white background, was computed as follows: Di- 
vide the reflectance of the circle in question by the 
background reflectance (white) and subtract this 
ratio from 1. 

Procedure.—The apparatus was viewed binocu- 
larly by S from an arm's length position. Each 
S made one judgment on each of the 10 stimulus 
conditions, order randomized anew for each S. 


Results 


Displacement data (magnitude of the il- 
lusion) are shown in Fig. 3, + one standard 
error of the mean indicated by a vertical bar 
about the mean. A more conservative ap- 
proach was taken toward computing standard 
errors than the method presented by Dixon 
and Massey (1957). The 60 observations 
per stimulus configuration were divided into 
thirds and a Dixon and Massey up-and-down 
mean (Л.а) computed for each block of 20. 
The data for the experiment become the 
three Mya for each stimulus. The means 
plotted in Fig. 3 are the average of the three 
Mya. (An up-and-down mean computed 
from all 60 observations differs inconse- 
quentially from its corresponding plotted 
value.) The standard error of the mean 
was computed by treating triplets of Мы 
as the basic data, computing the usual sta- 
tistical standard deviation and dividing by 
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One now has a standard error of a Mua 
based upon 60 observations, but 60 observa- 
tions sectioned first into M4 of 20 observa- 
tions each. These conservative standard 
error estimates, not likely to be underesti- 
mates, are not significantly larger than the 
standard errors computed using the Dixon 
and Massey formula. (Five of 13 “con- 
servative” values were smaller than their 
Dixon and Massey counterparts.) The trip- 
lets of Mua lend themselves to analyses of 
variance. It is assumed that each block of 
20 judgments forms a composite “S”; the 
corresponding Maa is that S’s "response." 
Except for missing data, a within-Ss design 
based on 3 “Ss” who served in all conditions 
is the result. 

Three separate analyses were planned for 
the data of Exp. III: (a) Test the control. 
l circle absent and reflectance contrast of Т 
varied (the 3 points at the upper left in 
Fig. 3). The control conditions do not 
differ significantly among themselves. Why 
they are lower than the 45-mm. point of 
objective equality is unclear. The same sort 
of outcome is evident in Exp. 11 (see Fig. 2, 
diameter of T circle 2 30 mm.). (b) Repli- 
cate Exp. П at T circle diameter of 45 mm. 
(the five points in Fig. 3 where either T 
and/or І is black. but excluding the black 
T with I absent). "These points replicate 
nicely and order themselves as predicted 
from the previous experiment. (c) Test the 
equal-contrast condition where I and T match 
in reflectance (in Fig. 3 the points connected 
by a dotted curve), These points do not 
differ significantly at о = .05, F (2, 4) = 
4.81, but would qualify with a .10 test. 


Discussion 


| The data shown in Fig. 3 are completely con- 
sistent with the following statements: (a) The 
greater the reflectance contrast of the I circle. 
the greater the magnitude of the illusion (1 
main effect); (b) the greater the reflectance 
contrast of the T circle, the smaller the mag- 
nitude of the illusion (T main effect) ; and (с) 
an I-T contrast interaction is evident. It shows 
that in the absence of an I circle (zero con- 
trast), T circle contrast is ineffective and that 
when I and T contrast are equal (the dotted 
curve in Fig. 3), there is a curvilinear relation- 
ship (not Statistically significant) in the magni- 
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tude of the illusion as both circles are reduced in 
contrast. 

CONCLUSIONS 

dn general, reducing the reflectance contrast 
of an I circle reduces illusory effects; reducing 
reflectance contrast of a T circle increases il- 
lusory effects. 

With regard to the contrast interaction, Т 
circles of any contrast exhibit only the potential 
for an illusory effect, and without the accom- 
panying | circle there is no illusion. Pollack 
(1963) has claimed that reduction in contour 
detectability reduces illusory effects since chil- 
dren show better brightness-contrast detection 
and larger illusion magnitudes with the 
Mueller-Lyer illusion than do adults. Мо, Os 
with increased pigmentation in the vicinity of 
the retina produce smaller illusion magnitudes 
(Pollack & Silvar, 1967). Decreasing reflect- 
ance contrast permits a direct test of such a 
hypothesis. The three points connected by the 
curve in Fig, 3 are evidence against Pollack's 
contour-contrast hypothesis because the inter- 
action effect produced by reducing I and T re- 
flectance contrast equally does not act to dimin- 
ish the size of the Delboeuf illusion. 

To a first approximation, dotting a Delboeuf 
circle acts like a reduction in the circle's average 
reflectance contrast with respect to the surround. 

The Delboeuf is an illusion of assimilation 
(attraction of T toward I). A few instances 
were uncovered where such was not the case. 
A reasonable conjecture is that there is an 
assimilation effect produced by contours at the 
edges of the display which can sometimes over- 
come the effect of the inner I circle. 

The distance paradox has been amply docu- 
With T < I the maximum illusion falls 

diameter ratio of 2:3. For Т>1 it 
is not at all certain that the ratio for the maxi- 
mum illusion becomes the inverse, ie, 3:2. 
Wide variability is found; again card-border 
effects may be an important contributing factor. 

Gestalt notions are intuitively appealing, but 
assimilation effects are damaging to & satiation 
theory which predicts only contrast. | Ganz 
(1966) has Proposed a model based on inhibi- 
e ti саен of neural cerning pue 
i d been qe for the distance parad OX. Н 
М E would seem to require facilitation 
rather than inhibition to explain illusions o 
assimilation like the Delboeuf. Interactions at 
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a distance are akin to a field of forces; an 
adequate neural model is definitely needed. 
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APPROACH CHAINS? 
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In an effort to achieve external stimulus control within a response-correlated 
chain, 32 albino rats were given an intertrial interval procedure which re- 
versed the correlation between rate of responding and within-chain delay of 
reinforcement which obtained during the approach trial. With this pro- 
cedure, unlike previous findings with response-correlated chains, bar-pressing 
rate varied with the similarity of external stimulation to stimulation present 
during reinforcement (discriminative stimulus control) and with the intensity 
of external stimulation (stimulus intensity control or dynamism). The re- 
sults are consistent with the hypothesis that internal stimulation controls 
performance within response-correlated chains because of the differential 
reinforcement of response-produced stimuli which change progressively as a 
function of continued responding. These findings, together with earlier 
research, place severe limitations on the extent to which external stimuli may 
carry the explanatory burden in theoretical analyses of response-correlated 


approach chains. 


Previous research (Donahoe, Schulte, & 
Moulton, 1968) has shown that performance 
within a response-correlated approach chain 
is not under the control of external (en- 
vironmental) stimulation. A response-cor- 
related chain is defined as one in which rate 
of responding is correlated with within- 
chain delay of reinforcement. Fixed-ratio 
(FR) schedules of reinforcement and loco- 
motor behavior in the runway situation ex- 
emplify this form of approach chain. Earlier 
findings are consistent with the hypothesis 
that performance within response-correlated 
chains is controlled by internal stimulation 
of а response-produced origin and not by 
external stimulation. According to this view, 
the internal component of the stimulus com- 
plex in which the nth response occurs is 
presumed to differ somewhat from the stim- 
ulus complex in which previous responses oc- 
cur, and if the organism is reinforced in the 
presence of the stimulus consequences of n 
responses and is nonreinforced in the pres- 
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ence of the stimulus consequences of fewer 
responses, then response-produced stimula- 
tion comes to serve as a discriminative stim- 
ulus because of its consistent differential 
relationship to reinforcement. 

The purpose of the present experiment was 
to alter the consistent differential relationship 
oi response-produced stimulation to rein- 
forcement by employing an intertrial interval 
procedure which reversed the correlation be- 
tween rate of responding and delay of rein- 
forcement present during the trial. Within 
the intertrial interval, responding was made 
to produce a delay in the onset of the re- 
sponse-correlated FR trial. Consequently. 
the relationship of delay of reinforcement to 
rate of responding between trials was incon- 
sistent with the relationship within trials. 
If the analysis of the origin of the control of 
response-correlated approach chains by re- 
sponse-produced stimulation is correct, then 
the introduction of inconsistency should re- 
duce the weighting given internal stimuli 
and permit the development of the control of 
responding by external stimulation. The ex- 
perimental design permitted the investigation 
of two forms of stimulus control: (a) dis- 
criminative stimulus contro] in which per- 
formance varies as а function of the simi- 
larity of the prevailing stimulus to the stim- 
ulus present during reinforcement and (b) 
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stimulus intensity control in which perform- 
ance varies as a function of stimulus in- 
tensity independent of the similarity of the 
prevailing intensity to the intensity present 
during reinforcement. To the extent that 
stimulus intensity control is a product of the 
same variables that underlie discriminative 
control, as is implied by the Perkins-Logan 
(Logan, 1954; Perkins, 1953) analysis of 
stimulus intensity dynamism then both forms 
of stimulus control should be stimultaneously 


evident. 


METHOD 


Subjects —Thirty-two male albino rats, Sprague- 
Dawley strain, served as Ss. All animals were 
approximately 100 days old and were maintained 
at 80% of their free-feeding weight on a 23-hr. 
food deprivation schedule throughout the experi- 
ment. 

Apparatus—Four bar-pressing chambers of iden- 
tical construction were used. Each chamber was 
enclosed in a sound-attenuating hull with a blower 
providing adequate ventilation and a speaker fur- 
nishing an 80-40. white-noise masking stimulus. 
A response bar was mounted in each chamber 14 
in. above the grid floor with a food cup located 
1 in. to the right of the bar. A pilot lamp with a 
l-in. white jewel was mounted 23 in. above the bar. 
The lamp served as the source of external stimu- 
lation and could be varied in intensity from 3 to 20 
ftc. in 10 equal logarithmic increments. The ex- 
perimental events were controlled by circuitry 
located in an adjacent room. Responding was 
monitored with counters and cumulative recorders. 

Procedure.—The 32 Ss were randomly assigned 
to one of the four treatment groups generated by 
the conditions of external stimulation. For Groups 
I and D, the intensity of the stimulus light was 
correlated. with within-chain delay of reinforce- 
ment. In Group I, the intensity increased with 
responding from 3 to 20 ftc. In Group D, the 
intensity decreased with responding from 20 to 
3 fte. For Groups R and С, the intensity of the 
stimulus light was uncorrelated with delay of 
reinforcement. Stimulus intensity changed ran- 
domly within each trial for Group R, but remained 
constant within each trial for Group Group R 
thereby provided a control for the effects, if апу, 

„2 Tesponse-contingent change in external stimu- 
lation on performance. In Group R, the same 10 
stimulus intensities used in Groups I and D were 
ee within each trial, but the orders of 

sentation w + 
DD tate ame ON determined s 
ceived 4 of the 10 stin ach S in Group a 
of training. In G imulus orders during mi e 

; €. In Group C, the stimulus intensity re- 
mained constant throughout the trial at 7.8 ftc., the 
geometric mean of the 10 stimulus intensities- 
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For all groups, therefore, the average intensity oí 
the external stimulus was identical. 

Following reduction to 80% oí free-feeding 
weight, Ss received 2 days of feeder training with 
sixty 45-mg. food pellets being delivered at random 
intervals and with the response bar retracted. All 
Ss were then given 2 days of continuous reinforce- 
ment bar-press training (60 pellets per day) under 
the same external stimulus intensities in which 
reinforcement was to be delivered in subsequent 
training. That is, Group I was trained at 20 itc., 
Group D at 3 ftc, and Group C at 78 йс. A 
counterbalanced series of intensities which is de- 
scribed in Exp. III of the earlier report (Donahoe 
et al, 1968) was used with Group R. 

Following pretraining, all Ss were given 18 daily 
sessions of training with a response-correlated 
approach chain consisting of an FR schedule of 
20 responses to one reinforcement (FR-20). Each 
session contained 20 FR-20 trials separated by 
intertrial intervals during which darkness prevailed 
and responding delayed the onset oi the subse- 
quent trial for t sec. The value of t was gradually 
increased from 5 to 50 sec. to maintain the inter- 
trial interval approximately constant at 60 sec. 
across all sessions. For Groups I, D, and R in 
which a changing intensity of light occurred within 
a trial, the appropriate changes occurred aíter 
every second response until the FR-20 trial was 
completed. In all groups, the appropriate terminal 
stimulus intensity persisted for 5 sec. following 
the reinforced response to ensure that the food 
was consumed in the presence of the light. 

The dependent variables were the latency of the 
first response and the elapsed time in 10 successive 
fractions of each FR trial. Each fraction of the 
FR trial, therefore, provided a measure of the time 
required to complete two bar-pressing responses. 


RESULTS 


The rate of responding in successive por- 
tions of the FR approach chain was used as 
the measure of response strength. Starting 
speed (SS) was obtained by multiplying the 
reciprocal of response latency by a constant 
(60) to convert to units of responses per min- 
ute. Estimates of the rate of responding dur- 
ing each of the 10 successive fractions within 
the trial were secured by dividing the num- 
ber of responses within each fraction by the 
time required to complete that fraction. The 
latency of the first response was subtracted 
from the elapsed time for the first fraction 
so that the SS and the rate during the first 
fraction were based on one response within 
each trial. Rates during all subsequent frac- 
tions were based upon two responses within 
each trial. The rate measures, exclusive of 
SS, were evaluated by an analysis of vari- 
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ing within successive fractions of fixed-ratio ap- 
proach chains as a function of the conditions of 
external stimulation. (The top panel depicts the 
effects of discriminative factors; the middle panel 
of stimulus intensity factors; and the bottom panel 
of constant vs. random uncorrelated stimulation.) 


ance having one factor with independent 
levels (correlated vs. uncorrelated external 
stimulation), one nested factor (stimulus 
conditions within the correlated and uncor- 
related stimulus groups), and two factors 
with dependent levels (training days and 
FR fractions). 

Discriminative stimulus control was as- 
sessed by a comparison of the shapes of the 
approach gradients associated with the cor- 
related and uncorrelated stimulus conditions. 
These gradients, averaged over the last 3 
days of training, are shown in the upper 
panel of Fig. 1. Performance may be con- 
sidered stable as neither the training day nor 
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any interaction containing the days term ap- 
proached statistical significance at this stage 
of acquisition. With a correlated external 
stimulus, the approach gradient gradually 
attained a maximum rate which was sus- 
tained for most of the remainder of the chain. 
With an uncorrelated external stimulus, the 
approach gradients increased more precipi- 
tously and then monotonically declined dur- 
ing the latter half of the chain. The obtained 
differences in the shapes of the approach 
gradient were statistically reliable as mea- 
sured by the Stimulus Correlation x FR 
Fractions interaction, F (9, 252) = 2.90, 
p «Ol. 

Stimulus intensity control was evaluated 
by a comparison of the Shapes of the ap- 
proach gradients obtained from Groups I 
and D within the correlated stimulus condi- 
tion. As shown in the middle panel of Fig. 
1, Group I achieved a maximum rate rela- 
tively late within the trial, whereas Group D 
achieved a maximum rate relatively early 
within the trial. Thus, each group displayed 
greatest response strength when the stimulus 
intensity was high. As measured by the 
Direction of Stimulus Intensity Change x 
FR Fractions interaction, the difference in 
the shapes of the approach gradients was sig- 
nificant, F (9, 252) = 2.08, р < 025. Ex- 
amination of data from individual Ss con- 
firmed the impression from the group data 
that response strength was high when stimu- 
lus intensity was high. Six of the eight Ss 
within Group I responded most rapidly at the 
eighth FR fraction or later, while six of the 
eight Ss within Group D responded most 
rapidly at the sixth FR fraction or earlier. 
A comparison between Groups I and D with 
respect to the FR fraction during which the 
maximum rate was obtained was statistically 
reliable, F (1, 14) — 7.59, b < .025. 

The effects of a randomly changing vs. à 
Constant uncorrelated external stimulus are 
Shown in the lower panel of Fig, 1, The ap- 
proach gradients were of similar shape but 
appeared to differ in height. Statistical eval- 
uation of shape differences as reflected by the 
interaction of Groups R and C with FR frac- 
tions was nonsignificant, Е<1. A compari- 
Son of starting speeds indicated that Group 
R responded more rapidly after trial onset 
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than Group C, F (1, 28) — 473, р < .05. 
Once responding had begun, however, the 
approach rate in the two groups did not dif- 
fer at conventional significance levels, F (1, 
28) — 2.57, р < .20, although there was no 
overlap in group means. 

Finally, it should be noted that the intro- 
duction of an intertrial procedure in which 
responding postponed the onset of the FR 
approach trial had a rapid and profound ef- 
fect on the level of intertrial responses. The 
difference between the intertrial and intra- 
trial rate of responding was large, F (1, 28) 
= 222.49, p < .001, and intertrial respond- 
1ng reached a stable value of less than two re- 
Sponses per minute by the eighth acquisition 
session. With an intertrial procedure in 
Which responding was simply nonreinforced 
(Exp. II, Donahoe et al., 1968), the com- 


parable value was 27.7 responses per minute. 


Discussion 


Given the hypothesis that internal (response- 
produced) stimuli control performance within 
response-correlated approach chains, the present 
experiment sought to weaken internal control, 
thereby permitting external control, through the 
institution of an intertrial procedure in which 
the relationship between rate of responding and 
delay of reinforcement was reversed from the 
relationship existing within the trial. Con- 
sistent with expectations, external stimulus con- 
trol was demonstrated within the FR approach 
chain, although three preceding experiments in 
which either nonreinforced intertrial responding 
was permitted (Exp. II and IV) or intertrial 
responding was prevented by retraction of the 
response bar (Exp. III) had failed to reveal 
any evidence of external control (Donahoe et 
al, 1968), Two forms of external control were 
found in the present experiment—discriminative 
stimulus control and stimulus intensity control. 
The effect of discriminative stimulus control on 
the difference between the shapes of the ap- 
proach gradients was of the same nature as 
had been Previously observed with chains in 
pon dris rate was uncorrelated with de- 
ede ат er nent (Exp. I) and "n x aed 
manipulated rox m whieh chain p i à 
correlated is ins He гие V the 
initial Н mulus the response rate 1n he 
mund. «iuh E pe approach chain was de- 

is € rate in the terminal portion 
of the chain was elevated relative to perform- 
ance with an uncorrelated stimulus, Stimulus 


intensity control, or dynamism, was demon- 
strated in that response strength within the 
approach chain was found to covary with 
stimulus intensity per se. In previous research 
in which nonreinforced responding in the inter- 
trial stimulus was prevented, stimulus intensity 
had no effect on performance within the trial. 
The two results taken together are consistent 
with the Perkins-Logan analysis in indicating 
that the discrimination of intratrial from inter- 
trial stimuli is a necessary prerequisite for the 
appearance of dynamism effects. Whether the 
origin of dynamism effects is the generalization 
of inhibition from intertrial stimulation (Cham- 
pion, 1962; Logan, 1954; Perkins, 1953) or 
context factors (Grice & Hunter, 1964) must be 
determined by other research. In addition to 
discriminative and stimulus intensity control, 
response strength tended to be greater with a 
random than with a constant uncorrelated 
stimulus, although the difference was statisti- 
cally significant only by the SS measure. If 
replicated in future experimentation, some fa- 
cilitative effect of stimulus change, independent 
of discriminative and dynamism properties of 
stimulation, must be considered. 

It should be reemphasized, however, that 
external stimulus control is not a typical fea- 
ture of performance within response-correlated 
chains and has thus far been observed only 
under the special procedures employed in the 
present experiment. The great weight of the 
evidence arising from the study of response- 
correlated approach chains as well as from 
discrimination learning (Rilling, 1967, 1968) 
and stimulus generalization (Hearst, Koresko, 
& Poppen, 1964; Thomas & Switalski, 1966) 
points to the dominant role of internal stimuli 
in situations in which response rate is corre- 
lated with within-chain delay of reinforcement. 

Lastly, all approach gradients in the present 
study displayed a reduction in response strength 
in the latter portion of the approach chain. Two 
classes of variables may be implicated: (a) 
fatigue factors associated with the cumulative 
effects of the number and effortfulness of the 
instrumental response (Weiss, 1961) and (b) 
response competition factors arising from the 
interference of approach behavior by anticipa- 
tory consummatory responses (Denny, Wells, 
& Maatsch, 1957). Of the two classes of inter- 
pretation, a response competition analysis seems 
most promising. For example, in previous work 
with response-correlated chains, the terminal 
decrement occurred at the same relative posi- 
tion of the gradient independent of the length 
of the chain (Exp. III, Donahoe et al., 1968). 
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Also, when no external cues are differentially 
associated with the consummatory response, 
such as is the case in the uncorrelated stimulus 
conditions of the present experiment or in run- 
wav situations in which a constant external 
environment is maintained (Knarr & Collier, 
1962), then the approach gradient tends to dis- 
play a negative slope over much of its extent. 


REFERENCES 


CuaMPION, К. А. 
response evocation. 
69, 428-449. 

Denny, М. R, Wers, R. H., & Maarscu, J. L. 
Resistance to extinction as a function of the dis- 
crimination habit established during fixed-ratio 
reinforcement. Journal of Experimental Psy- 
chology, 1957, 54, 451-456. 

Donanoe, J. W., Ѕсните, V. G., & Mouton, 
A. E. Stimulus control of approach behavior. 
Journal of Experimental Psychology, 1968, 78, 
21-30. 

Grice, С. R., & Hunter, J. J. Stimulus intensity 
effects depend upon the type of experimental 
design. Psychological Review, 1964, 71, 247-256. 

Hearst, E., Koresxo, M. B., & Poppen, R. Stimu- 
lus generalization and the response-reinforcement 
contingency. Journal of the Experimental Analy- 
sis of Behavior, 1964, 7, 369-380. 


Stimulus intensity effects in 
Psychological Review, 1962, 


JOHN W. DONAHOE AND JAMES H. McCROSKERY 


Kann, Е. A, & Corr, G. Taste and consum- 
matory activity in amount and gradient of rein- 
forcement functions. Journal of Experimental 
Psychology, 1962, 63, 579-588. 


Locan, Е. A. А note on stimulus intensity dyna- 
mism (V). Psychological Review, 1954, 61, 
77-80. 


Perkins, C. C, Jm. The relation between condi- 
tioned stimulus intensity and response strength. 
Journal of Experimental Psychology, 1953, 46, 
225-231. 

RitLiNG, M. Number of responses as a stimu- 
lus in fixed-interval and fixed-ratio schedules. 
Journal of Comparative and Physiological Psy- 
chology, 1967, 63, 60-65. 

RiLLING, M. Effects of timeout on a discrimi- 
nation between fixed-ratio schedules. Journal of 
the Experimental Analysis of Behavior, 1968, 
11, 129-132. 

Tuomas, D. Rọ & Swiratsx1, R. W. Comparison 
of stimulus generalization following variable- 
ratio and variable-interval training. Journal of 
Experimental Psychology, 1966, 71, 236-240. 

Wess, К. Е. Response speed, amplitude, and re- 
sistance to extinction as joint functions of work 
and length of behavior chain. Journal of Ex- 
perimental Psychology, 1961, 61, 245-256. 


( Received August 7, 1968) 


Journal of Experimental Psychol 
1969, Vol. 80, No. 3, 5172524 ex 


BRIGHTNESS CONTRAST AS A FUNCTION 
OF FIGURE-GROUND RELATIONS* 
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The present paper shows that a cognitive variable, such as figure-ground 


relationship, can affect the amount 
first two experiments indicate that an 
amount of brightness contrast than 
ground. 
brightness demonstration. 


For the last 70 yr. two theories have domi- 
nated the field of simultaneous brightness 
contrast. One is the cognitive theory of 
Helmholtz (1962) which is based on a 
judgmental mechanism which he calls “un- 
conscious inference.” The O derives the 
level of illumination for each part of the vis- 
ual field by considering the brightness of the 
background. Thus, when a gray patch is 
perceived on a dark background, the visual 
system “infers” that the illumination is low. 
The same gray patch would be perceived as 
under a higher illumination when it is ona 
white background. If the two grays are per- 
ceived as under different illumination yet 
they reflect the same amount of light, the sys- 
tem unconsciously infers that the gray on the 
dark background must be lighter than the 
gray on the white. This would result in the 
perceived contrast. 

The alternative theory was first proposed 
by Hering (1964) and based on retinal in- 
teractions. He hypothesized that retinal ele- 
ments which are strongly stimulated inhibit 
the action of adjacent elements. Thus, with 
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of perceived brightness contrast. The 
arca perceived as figure shows a greater 
when that same area is perceived as 


The third experiment uses this finding to explain the Benary 


the gray patch on a white background, the 
white of the inducing field should inhibit the 
action of the elements registering the gray 
patch and, hence, it should appear darker. 
The same test patch on a black background 
would not be subject to such inhibitory ac- 
tion from its surrounds and should appear 
brighter. Hartline and Ratliff (1957), work- 
ing with the horseshoe crab (limulus), have 
shown that such lateral inhibitory mecha- 
nisms do exist. Baumgartner (1961) has 
also found a similar mechanism in the cat. 

A problem for both of these theories is 
posed by a figure first described by Benary 
(1924) which is illustrated in Fig. 1. 

If a gray triangle is abutted to a black 
cross as in Fig. 1A and another patch of the 
same gray is placed on the black cross as in 
Fig. 1B and both figures are displayed on a 
white background, the gray patch in Fig. 
1A appears noticeably darker than the patch 
in Fig. 1B. This finding has been confirmed 
by Mikesell and Bently (1930) and Jenkins 
(1930). This effect seems even more strik- 
ing when one considers that the amount of 


B 


The Benary brightness demonstration : 
the gray triangle in A appears darker than the gray 


A 


Fic. 1. 
triangle in B. 
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Fic. 2. A reversible figure adapted from Koffka 
(see text for explanation). 


black surrounding the gray patch in Fig. 1A 
can be shown to be greater than that sur- 
rounding the gray triangle in Fig. 1B. This 
result is unexplainable in terms of either of 
the two theories previously discussed. It is 
not likely that this effect is due to eye posi- 
tion since it also appears for tachistoscopic 
presentations of the stimuli (Mikesell & 
Bently, 1930). 

A demonstration reported by Koffka 
(1963) suggests an additional variable which 
may affect contrast. Koffka reports, 


If one makes figures like Fig. [2] with alternating 
green and equivalent gray Sectors, so that the 
Sectors, instead of differing by their hatchings, 
differ in color, then the change from one cross to 
the other [alternation of the figure-ground relation- 
ship—SC] is accompanied by clearly noticeable 
color changes, A green cross on a gray ground 
changes into a distinctly red cross on a dull green 
ground, Thus, the green parts lose color in their 
transition from figure to ground, and the reddish 
parts gain color by the Opposite transition [Koffka, 


1963, p. 186]. 

The red to which Ковка г 
а contrast color. This contrast color is only 
apparent when the gray sectors are perceived 
as figure, for when they are Perceived as 
ground, they remain achromatic. The cru- 
cial aspect of this result is that the magni- 
tude of contrast is changing even though 
physically the color and luminance of the 
adjacent sectors are invariant. The con. 


efers is, of course, 
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trast color is only present when the gray 
sector is figure. А simple generalization 
Which may be drawn from this demonstration 
is that there is more contrast when a test 
area is seen as figure than when it is seen 
as ground. 

The hypothesis that a cognitive variable, 
such as perceived figure-ground relationship, 
can affect the magnitude of simultaneous 
contrast seems sufficiently interesting to war- 
rant further testing. 


EXPERIMENT I 


There are many variables which determine 
whether a given patch or configuration is 
seen as figure or as ground. One of the 
most potent is meaning. Figures are 
"things" and, conversely, areas which are 
perceived as "things," such as men, women, 
rabbits, dogs, etc., are seen as figures. If 
the generalization about contrast is correct, 
one would expect that when a test patch is 
seen as figure, it should contrast from the 
ground. When it is seen as part of the 
background, it should contrast less, even 
though the adjacent brightness relations re- 
main unchanged. To test this hypothesis 
Exp. I was conducted. 


Method 


Stimuli.—In order to vary whether the test patch 
was seen as figure or as ground, an ambiguous 
figure was constructed. When shown in one orien- 
tation, a given patch of gray can be seen as the 
Space between two silhouettes of women's faces. 
When seen in this orientation, the patch is per- 
ceived as part of the ground. When the figure is 
inverted, this same gray patch is seen as the belly 
of a rabbit. In this orientation it is part of а 
figure. The silhouettes of the women’s faces таў 


=a 


Fic. 3. The women-rabbit figure used in Exp. Í- 
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be either black or white. One form of this figure 
is illustrated in Fig. 3. 

The figures subtended a visual angle of 11°52’ 
by 10°14’. They were constructed from art paper. 
When mounted in the apparatus, the luminance 
from the test gray was 1.454 log mL. as measured 
by a Macbeth illuminometer. The luminance from 
the black inducing field was .179 log mL. and 
from the white was 1.749 log mL. A uni- 
form gray was cut from the same paper as the 
test grays. Two other uniform practice grays were 
Prepared with luminances of 1.614 and 1.382 log mL. 

Apparatus—The stimuli were mounted on metal 
backed pieces of cardboard and could be displayed 
On magnetic posts 4 in. to the right of the face of 
а Gerbrands differential rotor. By turning a 
handle mounted to his right S varied the size of 
the black and white sectors on the rotor, and hence 
Its brightness. Readings in degrees black were 
taken from a scale on the rotor shaft and later 
converted to log milliLamberts. Both the rotor 
and the stimulus were mounted directly in front of 
a black felt background. The luminance from the 
background was .127 log mL. е 

The S viewed the rotor and the test stimuli 

through a 9 X 15 in. rectangular aperture which was 
334 in. from the stimulus plane. At this distance 
the rotor face subtended a visual angle of 13°58’. 
Behind the aperture, out of S’s view, were set a 
ring of ten 15-w. tungsten light bulbs. A filtered 
de power source was used to drive the bulbs in 
order to prevent stroboscopic effects on the rotor 
face. 
Subjects.—Forty paid volunteers, recruited at 
Stanford University, served as Ss. There were 
15 male and 25 female Ss, randomly assigned to 
conditions without regard to sex. All Ss had 
20/20 vision (normal or corrected) or better, as 
measured on a Snellen chart. 

Procedure.—All measurements were taken using 
a method of limits. Two measurements were taken 
on each stimulus presented, one starting with the 
rotor obviously darker than the stimulus and one 
starting from the rotor obviously lighter than the 
stimulus. At the start of the session, measures of 
the perceived brightness of the two practice grays 
were obtained in mixed order. A measurement of 
the brightness of a uniform patch of gray of the 
same reflectance as the test stimulus was next 
obtained. At this point E presented the test stimu- 
lus in the orientation that it was to be viewed, with 
one of the following instructions: “Next you will 
see a gray rabbit, I want you to judge the bright- 
ness of the rabbit’s belly” (The E indicates the 
areata be judged with his finger.) Or alternatively, 

Next you will see two black/white silhouettes of 
women’s heads. I want you to judge. the bright- 
(he A ee of the background between шел. 
Foil. 1Саїеѕ the area to be judged with his 

Following these settings, S was given а 5-min. 
rest period, after which he again was presented with 
the two practice grays and the uniform base gray, 
followed by the test stimulus presented in the 
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inverted orientation with the appropriate instruc- 
tion. 

The Ss were randomly assigned to one of four 
groups. Half received the test stimulus with black 
inducing fields and half with white. Half of the 
Ss received the rabbit orientation first (gray is 
figure) and half the women (gray is ground). 


Results and Discussion 


After each session, S was carefully ques- 
tioned about the appearance of the test stim- 
ulus. All Ss saw the configuration intended 
on the first presentation, but on the second 
presentation most saw both configurations 
(i.e., two silhouettes of women’s faces and 
an inverted rabbit.) If such is the case, it 
weakens the strength of the manipulation 
primarily for the rabbit-women presentation 
order since on the second presentation, in- 
stead of being seen as ground, the gray test 
patch is still frequently seen as part of a 
figure, albeit an inverted figure. This might 
lead us to expect smaller differences for the 
rabbit-women order than for the women- 
rabbit order. 

The difference between S's setting of the 
gray when it is seen as figure (part of the 
rabbit) and when it is ground (the space 
between the women) provides the most di- 
rect test of the hypothesis. For convenience 
a plus value is assigned to this difference 
if there is more contrast for figure than for 
ground, and a minus sign if there is less. 
'The means of these signed differences for 
each order and stimulus condition are pre- 
sented in Table 1. All differences are in 
log milliLamberts. 

The mean difference for all Ss, regard- 
less of order of presentation or luminance 
of inducing field, is .039 log mL., which is 
significantly different from zero, t (39) = 
4.25, p « .001. This provides some support 


TABLE 1 
RESULTS or Exp. I 


Order Black White 
Women-rabbit .026* .106** 
Rabbit-women —.033 105599 


Note.—Each entry represents the difference in brightness 
in log milliLamberts between settings for the gray test patch 
seen as figure and seen as ground. Positive numbers indicate 
more contrast when gray is figure than when gray is ground, 

*1(9) > 2.26,» < .05 (two-tailed). 
wi > 3.25, p < .01 (two-tailed). 
жек (9) > 4.78, p < .001 (two-tailed). 


| N 

Ss 

Fic. 4. Two representative sterco views used 
in Exp. II. 


for the hypothesis that there is more con- 
trast for the gray when it is seen as figure 
than when it is seen as ground. 

The average change in brightness in the 
presence of the inducing fields as compared 
to settings for the uniform gray, provides a 
measure of perceived contrast. This mean 
difference was .188 log mL. for the test 
patch seen as figure, while when it is ground, 
the change is .150 log mL. This is 20% 
more contrast when the gray is seen as 
figure. 

Looking at the individual cell means, one 
finds that three of the four are significantly 
greater than zero, as indicated in Table 1. 
However, one of the cell means is in the op- 
posite direction and nearly significant, t (9) 
—222, p « 1. The reason for this dis- 
crepancy is not clear. 

Turning to the magnitude of the effect as 
a function of presentation order, one finds 
that the mean difference in contrast for the 
women-rabbit order is .066 log mL., which 
is significantly different from zero, t (19) — 
441. p < 001; while for the rabbit-women 
presentation order, the mean of .011, al- 
though in the predicted direction, is not sig- 
nificant, £ (19) = 94. The difference be- 
tween the presentation orders is significant 
at t (38) = 2.51, р < 02, which indicates 
that the presentation order is indeed inter- 
acting with the effect as was discussed previ- 


ously.? 


з An analysis of variance was not presented for 
these data because the individual cell variances were 


not homogeneous. 


STANLEY COREN 


The results of this experiment in which 
the figural nature of a test patch was varied, 
showing more contrast when the test patch 
was figure than when it was ground, provides 
support for the author's original hypothesis. 
It is clear, however, that there are some diffi- 
culties in the use of an ambiguous figure, 
viz., order effects. It was decided to test 
the hypothesis using a different paradigm 
which would, hopefully, not be subject to the 
same difficulties. 


II 


In Exp. IT it was decided to vary what 
was perceived as figure or ground by the 
use of stereoscopic cues rather than mean- 
ing. It was hoped that this type of manipula- 
tion would be íree of the order effects pres- 
ent when one uses an ambiguous figure as in 


Exp. I. 


ExrERIME 


OT 


Method 


Stimuli.—Two classes of stimuli were employed. 
In one, a black or a white ring is apparently sus- 
pended in front of a gray background, Here the 
test patch is the gray seen through the hole in the 
ring which is apparently continuous with the back- 
ground. In the other stimulus the test patch is a 
gray disc which stands out in front of a black or 
a white disc which is flush with the background. 
In the former case the gray is seen as ground, 
while in the latter it is seen as figure. 

The stereo pairs were constructed using a gray 
paper which, when mounted in the apparatus, 
yielded a luminance of 440 log mL. The inducing 
fields were cut from Artype transfer material. The 
luminance of the black was —1.215 log mL, and 
the white was .671 log mL. 

Pilot experiments indicated that the stereoscopic 
depth was more easily seen for this stimulus con- 
figuration when there was a horizontal line present 
on the stimulus. This line extended across the 
stimulus and through the test area. For purposes 
of balancing, two sets of stimuli were prepared— 
one with a black line and one with a white line. 
Two samples of stimulus pairs are illustrated 
in Fig. 4. 

A uniform gray of the same luminance as the 
test patch and two uniform practice gray stimuli, 
with luminances of .569 and .303 log mL. complete 
the set of stimuli, Each stimulus was then mounte! 
in a cardboard slide mount which yielded a lumi- 
nance of .540 log mL. 

The size of the stimulus when viewed in the 
apparatus was 4.4° high and 6.6° wide. The test 
patch was 2.4° in diameter and the inducing field 
was an annulus .6° wide. 

Apparatus.—The apparatus consisted of a prism 
stereoscope. A rectangular aperture 3.7? high and 


BRIGHTNESS CONTRAST AND FIGURE-GROUND RELATIONS 


DLE An аын 3.5? above the stimulus mount 
fen E m e a field. Through these two aper- 
ete, . pos the face of a Gerbrands differential 
К anil y enmig a handle mounted to his right, 
Hien oe ы the size of the black and White sec- 
he iud he io and, hence, vary the brightness of 
ites pee e the binocularly fused aper- 
GT S scale mounted on the rotor shaft indi- 
iter пе settings in degrees black, which was 
a converted to log milliLamberts. The sur- 
round was painted a flat gray with a luminance of 
33 log mL. 

The light incident on the stimulus plane was 
produced by four 6-w. tungsten bulbs, while the 
light incident on the rotor face was provided by 
three bulbs. All were powered by filtered dc. 
„Subjects —Sixteen paid volunteers, 4 male and 
12 female, were recruited from the campus of 
Stanford University to serve in this experiment. 
All Ss had 20/20 vision (normal or corrected) or 
better and 100% or better stereopsis as measured 
using a Keystone Telebinocular. 

Procedure.—The Ss were required to vary the 
brightness of the aperture until it matched the 
brightness of the stimulus to be judged. Two mea- 
sures were taken on each stimulus, once starting 
With the aperture obviously lighter than the stimu- 
lus and once starting with the aperture obviously 
darker than the stimulus, in mixed order. 

All Ss first matched the two practice grays in 
mixed order and then were required to match a 
uniform gray of the same reflectance as the test 
patch. Each .5 was then shown the test stimuli. 
When the test patch was figure and was stereo- 
scopically in front of the background and the in- 
ducing field, S was instructed, "Now you will see 
a gray disc standing out in front of the back- 
ground. Match the gray of that disc." When 
the test patch was seen as ground, i.e., with the 
black or white ring stereoscopically suspended in 
front of the background, S was instructed, “Now 
you will see a black/white ring standing out in 
front of the background. Look through the hole 
in that ring and match that gray.” Each S was 
presented all four stimulus pairs in random order 
(black or white inducing field/gray figure or 


ground) with the horizontal line either black or 
white. Following a 5-min. rest period, S again 
judged a uniform gray of the same reflectance as 
the test patch and then was presented with four 
more stimulus pairs in random order but with the 
horizontal line of the opposite color than that in 


the first presentation series. 


Results and Discussion 


The difference between the setting for the 
gray seen as figure (disc stereoscopically 
suspended in front of the inducing field and 
background) and the setting for the gray 
seen as ground (inducing field steroscopi- 
cally suspended in front, gray part of back- 


TABLE 2 
RrsuLTS or Expr. П 


Inducing stimulus 


Line color = 
| 
Black | White 
Black .052*** 10286 
White .018* .020** 
Note.—Each entry s the difference in log milli- 
Lamberts in brightnes ttings between the gray test patch 


seen as figure and as ground. Positive numbers indicate more 
contrast when gray is figure than when gray is ground. 
*1(15) > 2.13, р < .05 (two-tailed). 
**1(15) > 2.95, р < .01 (two-tailed). 
*** (15) > 4.07, р < .001 (two-tailed). 


ground) provides the most direct test of the 
hypothesis. Once again, for convenience, 
a plus sign is arbitrarily assigned to differ- 
ences in which there is greater contrast for 
figure than for ground. The results are 
presented in Table 2. 

The overall mean was .028 log mL., which 
is significantly different from zero, # (15) = 
7.54, p < .001. This confirms the result of 
the first experiment in showing more con- 
trast when the test patch is seen as figure 
than when it is seen as ground. АП of the 
individual cell means are significantly dif- 
ferent from zero as indicated in Table 2. 

The mean brightness change for those con- 
ditions in which the gray is figure is .053 log 
mL., while for those conditions where the 
gray is ground it is only .027 log mL. Thus 
the amount of contrast for the ground is 
only 49% of that for the figure. 

These data are in accord with the data 
shown in Exp. I. Both experiments indi- 
cate that there is more contrast when the 
test patch is seen as figure than when it is 
seen as ground. The magnitude of this dif- 
ference is quite large, amounting to 20% 
more contrast when the test patch is seen as 
figure than as ground in the ambiguous fig- 
ure paradigm and nearly a factor of 2 for 
the stereoscopic manipulation. 

Such data make it quite clear that bright- 
ness contrast is not simply determined by 
brightness differences in adjacent areas. 
Cognitive factors, such as whether the test 
patch is seen as figure or as ground, pro- 
duce large differences in the amount of per- 


ceived brightness. 


Ut 
Im 
to 


EXPERIMENT III 


The first two experiments have indicated 
that figures show more contrast than ground. 
In light of these findings let us turn to the 
Benary demonstration which was discussed 
previously and illustrated in Fig. 1. 

If an S is asked to describe Fig. 1B, he 
reports that he sees a black cross with a 
small gray triangle inside it or on it. If 
asked to describe Fig. 1A, he says that he 
sees a black cross with a gray triangle be- 
side it. The Ss further report that the gray 
triangle in Fig. 1B belongs to the black cross, 
while in Fig. 1A it does not (Jenkins, 1930; 
Koffka, 1963). From this sort of report one 
can hypothesize that in Fig. 1B the gray is 
seen as a figure and the black of the cross is 
seen as the ground on which it rests; while 
in Fig. 1A, the gray is also seen as a figure 
except here the black cross is not seen as its 
ground but simply another figure beside it. 
Their common ground is the white back- 
ground. From this analysis one would ex- 
pect that the gray in Fig. 1B would be seen 
as lighter than the gray in Fig. 1A since the 
former would contrast against the black, 
while the latter would contrast against the 
white. 

If this explanation of the phenomenon is 
Correct, one might hope to alter the magni- 
tude of the apparent brightness difference 
between the two gray patches by manipula- 
tion of cues which would alter the apparent 
figure-ground relationship. The cues which 
are used here to affect such variation of 
figure-ground relation are Stereoscopic cues. 


TABLE 3 
Resutts or Exp. III 
Stimulus 
Presentation Lec ы ыыы 
Interior | Exterior Base 
gray gray gray 
314 | .249 | .300 
Flat 
st patch and cross sus- 
wo in front of back-| 
ground А 321 287 _ 
Cross suspended in front, | 
test patch flush with - 
background .268 257 а 


try represents the mean luminance of the 
No om e in log milliLamberts. 
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Method 


Stimuli—The stimulus configuration employed 
was similar to the stimuli in Fig. 1, with the addi- 
tion of two black lines to facilitate seeing the 
figures in depth. For convenience the gray tri- 
angle in Fig. 1A is designated as the exterior gray 
and the gray triangle in Fig. 1B is designated as 
the interior gray. 

The stimuli were photographically prepared and 
were mounted in 2X 2 in. cardboard slide mounts. 
One stereoscopic view Showed the flat Benary 
figure with either the interior or the exterior gray. 
These flat stimuli will provide a measure of the 
Benary effect and also a base line against which 
the effect of the manipulation may be assessed. 
Two stereoscopic views were prepared in which the 
black cross appeared to be suspended above the 
White background. In one view both the cross and 
the interior gray were seen às suspended in front of 
the background at the same level. In the other, 
although the cross was seen as suspended in front 
of the background, the Bray test patch was seen— 
as if through a notch cut in the cross—as flush with 
the background. 

Another set of stimuli were prepared in which 
the black cross is suspended above the white back- 
ground and the exterior gray is either seen sus- 
pended in front, flush with the black cross, or is 
behind the cross flush with the background. 

The photographic black, when displayed in the 
apparatus, had a luminance of —1.430 log mL. and 
the white had a luminance of 715 log mL. The 
test patches were .386 log mL. Two uniform grays 
were prepared with a luminance of .569 and .248 
log mL. These served as practice stimuli. 

The test patch was an isosceles right triangle 
with sides of .83° and 12°. The wings of the 
black cross were 1.1? wide and the entire cross was 
3.5° in height and width. 

Apparatus—The apparatus used was the same 
stereoscope described in Exp. II. 

Subjects —The Ss were seven female and nine 
male paid volunteers recruited from the campus 
of Stanford University. All Ss had at least 20/25 
acuity (normal or corrected) or better and 100% 
stereopsis or better as measured by a Keystone 


Telebinocular. 

Procedure.—Each S was required to make two 
matches for each stimulus presented. He was first 
given the two practice stimuli and then a uniform 
gray patch of the same luminance as the test patch- 
After these were matched, S matched three of the 
six stimuli. Following a 5-min. rest interva^ 
S matched the uniform test gray again and then the 
three remaining stimuli in the set. The stimuli 
were randomized and balanced across Ss so that 
cach stimulus came before and after the rest inter- 
val an equal number of times, Half of the Ss saW 
the test patch oriented to the upper left and hal 
saw it on the lower right side of the cross. 


BRIGHTNESS CONTRAST AND FIGURE-GROUND RELATIONS 


Results and Discussion 


The results are summarized in Table 3. 

First let us see if the Benary result is 
replicated. For the flat presentation the in- 
terior gray is seen as significantly lighter 
than the exterior gray, t= 6.84, р < .001, 
which is the expected result. A further 
breakdown of the data reveals that the in- 
terior gray is seen as insignificantly lighter 
than the base gray (t = 1.36), while the ex- 
terior gray is seen as significantly darker 
than the base gray, / = 6.94, р < .001. 

In the condition in which both the gray 
test patches and the black cross are suspended 
in front of the white background one expects 
that both patches should be seen as figures 
against the black cross which now serves as 
their ground. Since the interior gray is 
already contrasting against the black cross, 
one would expect little change in its per- 
ceived brightness, but should find a sig- 
nificant lightening of the exterior gray. The 
results for this situation reveal that the in- 
terior gray is seen as significantly lighter 
than the base gray, t= 2.46, р < .05, al- 
though not significantly lighter than the in- 
terior gray for the flat presentation (t= 
1.63). The exterior gray is lightened to 
the extent that it is no longer significantly 
different from the base gray (t= 1.19). 
This apparent lightening of the exterior 
gray as compared with the settings for the 
flat presentation is significant, t = 4.34, p < 
.001. 

In the situation where the cross is seen 
as suspended in front of the background 
while the test patches are seen as flush with 
the background, one expects the test patches 
to be seen as figures on the white background 
and therefore expects the test patches to con- 
trast against the white. Since the exterior 
gray in the flat presentation is already con- 
trasting against the white, one expects little 
change in its apparent brightness, while ex- 
Pecting a significant darkening of the in- 
terior gray. As was predicted, the data in- 
dicates little change in the brightness of the 
exterior gray. Although it is seen as some- 
what darker than the gray for the flat presen- 


tation, there is no significant difference (t = 


523 


1.29). On the other hand, the interior gray 
is now darkened to the extent that it is seen 
as slightly darker, although not significantly 
(t = 1.49), than the base gray. This ap- 
parent darkening when compared with the 
settings for the flat presentation is signifi- 
cant, ¢ = 2.53, p « .05. 

To summarize these data, the stereoscopic 
cues are manipulated so that the gray test 
patch is seen as a figure on the white back- 
ground, a significant darkening of the in- 
terior gray is found and no change in the ex- 
terior gray. When the cues are arranged 
so that the test patches are more easily 
seen as figures on a black cross, there is 
significant lightening of the exterior gray 
and no change for the interior gray. These 
are the results which would be expected if 
changes in contrast due to figure-ground 
relations are responsible for the Benary ef- 
fect. Each test patch contrasts against what 
is perceived as its ground, and varying the 
perceived figure-ground relationship results 
in predictable changes in the apparent bright- 
ness of the patches, even though the lumi- 
nance differences between adjacent areas 
has not been physically altered. 


GENERAL DISCUSSION AND CONCLUSIONS 


Most investigators have considered simul- 
taneous brightness contrast to be solely a func- 
tion of the brightness relationships between 
spatially adjacent areas. The first two experi- 
ments presented here indicate that this approach 
is somewhat of an oversimplification. Cognitive 
variables such as figure-ground relationships 
appear to play a large part in the magnitude of 
brightness contrast. Figure-ground differences 
alone may cause a variation of up to a factor 
of 2 in the total amount of brightness contrast 
obtained. In two different paradigms it has 
been shown that there is more contrast for a 
test patch which is perceived as figure than for 
the same test patch when it is perceived as 
ground. 

The difference that has been found in the 
amount of brightness contrast as a function of 
figure-ground relationships also seems to ex- 
plain the Benary demonstration, which in the 
context of such explanatory schemes as lateral 
inhibition, seems to be a paradox. 

The data which has been obtained here sug- 


gests that brightness contrast is not simply a 
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peripheral event based upon lateral inhibitory 
mechanisms operating on the retinal level. Al- 
though such mechanisms are certainly involved 
in the perception of brightness and brightness 
contrast, cognitive or central variables also play 
a part in the synthesis of the percept as Helm- 
holtz had originally suggested. 
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ERRATUM 


In the article “Vicarious Reinforcement and Imitation in a Verbal Learning Situa- 
tion" by Robert E. Phillips (Journal of Experimental Psychology, 1968, 76, No. 4, 
Part 1, pp. 669-670), the number of responses per trial in Exp. I should be 20 and 
not 10 as reported. The table and the analysis of variance are correct. 
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INFORMATION SEEKING: 
OPTIONAL VERSUS FIXED STOPPING* 


LISBETH S. FRIED лхо CAMERON К. PETERSON? 


University of Michigan 


The present experiment investigated how people purchase information for the 
purpose of reducing risk when making decisions. It compared S’s purchase 
strategies in optional vs. fixed stopping conditions. The Ss purchased data 
before deciding which of two possible binomial populations was being sampled. 
In the optional stopping conditions they decided after observing each datum 
whether to continue sampling, whereas in the fixed stopping conditions they 
decided how many data to purchase prior to sampling. In the fixed stopping 
conditions, Ss purchased very nearly the optimal amounts. In the optional 
stopping conditions, however, they lowered their stopping criteria as the 
number of sampled data increased. 


The attractiveness to a decision maker of 
a course of action frequently depends on the 
relevant states of nature. For example, a 
physician may prefer to operate if his pa- 
tient has a tumor, but not to operate if he 
does not; or a publisher may want to pub- 
lish a book if there is a large demand for it, 
but not to publish it if the demand is slight. 
When the outcome of an action depends 
on the prevailing states of nature, it is de- 
, sirable and frequently possible to reduce the 
risk of a decision by sampling information 
about the states prior to deciding. 

But how much information is necessary ? 
Since information always costs something in 
terms of time, effort, or money, there is gen- 
erally a point of diminishing returns beyond 
which the cost of additional information is 
greater than the resulting reduction in risk. 
This point of diminishing returns can be 
found by using the information purchase 
models of statistical decision theory. The 
two factors that control the optimal amount 
of information to be purchased are financial 
factors, such as the payoff for a correct de- 
cision and the cost of the information, and 
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statistical factors, such as the probabilities of 
the different states of nature and the ex- 
pected diagnostic value of the information 
to be purchased. 

The models are built around two strategies, 
a fixed stopping strategy and an optional 
stopping one. A fixed stopping strategy re- 
quires that the total amount of information 
be specified in advance, whereas with an 
optional stopping strategy the descision to 
stop sampling can be made at any point in 
the sampling process. When the number of 
data is to be determined prior to sampling, 
the model for the fixed stopping strategy eval- 
uates the gross expected value of the termi- 
nal decision associated with each possible 
sample size, subtracts the cost of the sam- 
ple, and then selects the size with the high- 
est resulting net expected payoff. When, 
on the other hand, it is possible to decide 
whether or not to continue sampling after 
evaluating each datum, optional stopping 
strategies can be employed. Optional stopping 
models determine an optimal set of stopping 
criteria, criteria specified in terms of the 
probability that each state of nature is true. 
The sampling process continues until a cri- 
terion probability is reached. The criteria 
are fixed if the supply of information is un- 
limited, but they relax as the sampling pro- 
cess approaches the end of a limited supply 
of information. This is in part because the 
likelihood that the remaining data will lead 
to a different decision decreases as the supply 
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of data becomes exhausted. Blackwell and 
Girshick (1954), Edwards (1965), and 
Raiffa and Schlaifer (1961) present detailed 
mathematical accounts of such optimal mod- 
els for purchasing information. | 

Wald (1947), who did much of the pio- 
neering work on ihe general class of op- 
tional stopping models, demonstrated that 
substantial advantages accrue when the de- 
cision to stop sampling can be deferred until 
a criterion is met. The primary reason for 
the increased efficiency of the optional stop- 
ping technique is that this procedure takes 
advantage of runs of especially diagnostic 
data and samples a large number of data only 
when sequences are unusually undiagnostic. 
The optional stopping procedure thus has the 
advantage of allowing the information in a 
sample to determine how long the sampling 
process should continue. The present ex- 
periment manipulated the constraints of fixed 
and optional stopping and evaluated the de- 
gree to which Ss were able to capitalize on 
the relative advantage accruing to optional 
stopping strategies. 

Several experiments have already investi- 
gated how well the normative models predict 
human behavior in the two conditions sepa- 
rately. One experiment used a fixed stop- 
ping situation and found that Ss reacted to 
probabilities of the states of nature, but not 
to the payoffs for a correct decision or to the 
diagnostic value of the data (Green, Halbert, 
& Minas, 1964). Most of the experiments 
focused on the optional stopping situation 
since they permitted Ss to defer decisions 
until they wished to stop purchasing data. 
The Ss typically reacted to variations in the 
independent variables in the appropriate di- 
rection, but with insufficient magnitude to be 
optimal. One of the experiments (Pitz, 1968) 
limited the amount of information that could 
be purchased and found that Ss relaxed their 
criteria as the amount of information pur- 
chased increased. None of these experi- 
ments, however, have compared behavior 
under optional and fixed stopping conditions. 


METHOD 


Experimental design—On each trial, E selected 
one of two equally likely binomial populations and 
asked S to decide which one was chosen. The 5 
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was permitted to base his decision on data that he 
sampled from the selected population. Two of the 
populations had proportions of cither 70:30 or 
30:70, whereas the other two were less diagnostic, 
with proportions of either 60:40 or 40:60. Con- 
dition 70:30 is used to refer to the first pair of 
populations and Cond. 60:40 to the second pair. 
Because oí the difference in difficulty, S carned only 
30¢ for a correct decision in Cond. 70: 30 and was 
fined $1.70 for an error; but in the more difficult 
Cond. 60:40, he won 50¢ and was fined $1.50. He 
was charged lé for every datum sampled. These 
costs and payoffs were selected so that an S using 
optimal strategies would carn about $1.50 per 
hour. Within each level of diagnosticity, 55 alter- 
nated between optional and fixed conditions oí in- 
formation purchase. 

Subjects.—Twenty undergraduate male students 
of the University of Michigan served individually 
as Ss. They were told that the experiment in- 
volved gambling and that they could lose some of 
their own money. 

Apparatus—The S faced a panel of two col- 
umns, each containing 24 pairs of red and green 
bulbs, with a button between the members of each 
pair. Pushing the button caused one member of 
the pair to go on. The S was told that the color 
of the light’ represented a datum that was sampled 
randomly and with replacement from the selected 
population. А plugboard behind the panel con- 
trolled which bulb in each of the 48 pairs would 
light. Forty different plugboards represented 20 
independent samples and their mirror images within 
each level of diagnosticity. Thus, insertion of a 
different plugboard caused a different sequence of 
bulbs to light. The apparatus was constructed so 
that S could push one button at a time in the 
optional stopping condition; in the fixed stopping 
condition, pushing one button caused the appropriate 
bulb of that and all preceding pairs to light. 

Below the sample display were two buttons cor- 
responding to the predominantly red and predomi- 
nantly green populations. The 5 made his decision 
about which color was predominant in the popula- 
tion being sampled by pushing the appropriate 
button. A light then indicated which answer was 
correct. Р 

In the middle of the sample display, а card in 
a holder presented on each trial the cost-payo 
condition and also displayed by means of a pie dia- 
gram the proportions in the two populations. " 

Procedure.—When each S entered the experi- 
mental room, he was seated in front of the appa- 
ratus and given a detailed explanation of the 
binomial data-generating processes, He then ob- 
served a typical sequence of lights and was in- 
formed that each sequence would vary randomly 
around the population value. That is a sequence 
sampled from the 70:30 population need not have 
exactly 70% of one kind of element and 30% Of 
the other. He was instructed to purchase as many 
of the 48 available data as he wished and then t? 
predict the predominant color by pressing the 
appropriate button. He was instructed to make 25 


OPTIONAL STOPPING IN INFORMATION SEEKING 


TABLE 1 


ToraL WINNINGS FOR AN OPTIMAL S AND 
THE MEAN SIN ЕАСН OF THE 
Four CONDITIONS 


Cond. 70:30 Cond. 60:40 
Cond 
Optimal) меап 5 Optimal | Mean S 
Optional | $3.60 $2.60 $3.38 37¢ 
> (SE = .08) (SE=.11) 
Fixed $1.00 $1.06 —$2.60 | —$1.85 
(SE=.11) 


(SE=.12) 


e and told that in order to 
do this he should try to achieve an optimum balance 
between the cost of sampling and the probability 
that more data would lead to a more accurate 
decision, On odd-numbered trials, S used the 
optional stopping method of purchasing informa- 
tion, pushing one button at a time until he was 
ready to make his decision. On even-numbered 
trials, he used the fixed stopping strategy, deciding 
i number of observations he 


in advance on the Я 
wished to purchase and pushing the button marked 


by that number. After completing the sampling 
process, S pushed the button corresponding to his 
decision on the predominant color in the popula- 
tion, He received immediate feedback about the 
correct decision and E informed him of his current 
cumulative winnings. This procedure characterized 
each of the 80 sequences of sampling. The use of 
mirror images permitted each sequence to be used 
in each purchase condition. 

The Ss were not informed of the total number 
of sequences in advance because highly diagnostic 
or highly undiagnostic sequences were used at the 
end of the standard 80 trials, if necessary, to bring 
each S's earning rate into the range of $125 to 


$3.00 per hour. 


much money as possibl 


RESULTS 


The Ss took advantage, but only partially, 
of the superiority latent in the optional stop- 
Ping procedure. Table 1 displays both the 
actual and the optimal profits in each of the 
four conditions for the sequences of data 
actually used, It also includes standard er- 
rors of the mean across Ss. AS predicted by 
Wald (1947), an optimal S would have 
earned more with the optional stopping 
strategy than with the fixed: $2.60 more in 
Cond. 70: 30 and $5.98 more in Cond. 60: 40, 

e differences in the actual amounts earned 
are in the predicted direction but somewhat 
less than the optimal amount, These dif- 
ferences are $1.54 for Cond, 70: 30 and $2.22 
in Cond. 60:40. Notice that the average 5 


ps04or0.6 


m * Optional Stopping 
+ Fixed Stopping 


+ 


TERMINAL SAMPLE SIZE 
з 
2 


1 2 3 4 5 6 7 8 9 10 12 12 13 
TERMINAL ABSOLUTE DIFFERENCE 
Fic. 1. Relation between terminal sample size 
and terminal absolute difference between red and 
green data. (Each data point represents a sequence 
averaged across Ss.) 


lost 75¢ less than did the optimal strategy 
in Cond. 60:40 with fixed stopping. Be- 
cause of the particular sequences used, over- 
buying resulted in fewer losses and there- 
fore a higher net payoff than did buying the 
optimal number of data in this condition. 
Figures 1 and 2 show why Ss did not take 
full advantage of the optional stopping strat- 
egy over the fixed stopping strategy. The 
vertical axes refer to the size of the sample 


p= 0.3 or 0.7 


e Optional Stopping 
+ Fixed Stopping 


TERMINAL SAMPLE SIZE 
w 
= 


1 23 4 5 6 7 8 9 10 HM 12 13 


TERMINAL ABSOLUTE DIFFERENCE 
Fic. 2. Relation between terminal sample size 


and terminal absolute difference between red and 
green data. (Each data point represents a sequence 


averaged across Ss.) 
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at the termination point. The horizontal 
axes refer to the absolute difference be- 
tween the numbers of red and green lights 
at the temination point. The optimal cri- 
terion for terminating sampling in the op- 
tional stopping condition can be specified in 
terms of this absolute difference (see Ed- 
wards, 1965, p. 326). The horizontal lines 
at sample sizes of 23 and 15 refer to the 
optimal termination points in the fixed stop- 
ping conditions. The vertical lines that slant 
to the left as the sample size increases refer 
to the optimal termination points in the op- 
tional stopping condition. Notice how these 
criteria relax as the sample approaches the 
limit of 48 data. 

The data points in Fig. 1 and 2 were ob- 
tained by finding both the sample size and 
the absolute difference between red and green 
lights at which each S terminated each se- 
quence. These values were averaged across 
Ss within each of the sequences. The pluses 
refer to the fixed stopping condition. The 
fact that these points are approximately hori- 
zontal reflects the constraints of the situation 
rather than any behavior on the part of Ss 
since the sample size was the only dimension 
over which S had control. The fact that the 
points are so close to the optimal sample 
sizes of 23 in Cond. 60:40 and 15 in Cond. 
70:30 does reflect nearly optimal perform- 
ance on the part of average S. This per- 
formance explains why the average S did so 
well with respect to profits in the fixed 
stopping conditions. 

The filled circles are data points from the 
optional stopping conditions. Here the per- 
formance of Ss did not approximate that of 
the optimal model as closely as it did in the 


TABLE 2 


TERMINAL SAMPLE SIZE FOR THE FIXED STOPPING 
CONDITIONS AND TERMINAL ABSOLUTE 
DIFFERENCE FOR THE OPTIONAL 
STOPPING CONDITIONS 


П 


Cond. 60:40 


Cond. 70:30 
Cond. ane | == 
Optimal] Means Optimal мы, 
талат Us 13.9 23 22.8 
Fixed stopping (SE = 21) (SE = 41) 
F à i 5.0 k 5.6 4.6 
Optional stopping | (SE =.18) (SE =.30) 
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fixed stopping condition. Like the model, 
the average S relaxed his criterion as his 
sample size approached the limit, but he did 
it much too early and too rapidly to be 
optimal. 

Table 2 presents an alternative display of 
the results of Fig. 1 and 2 when the analysis 
is made first within and then across 5s. In 
the fixed stopping conditions the mean termi- 
nal sample sizes for Ss are close to corre- 
sponding optimal sample sizes which, in 
turn, are widely separated from each other. 
The relatively low standard errors of the 
mean, based on between-Ss variability, jus- 
tify confidence in this strong sensitivity dem- 
onstrated by Ss. In the optional stopping 
conditions the optimal terminal absolute dif- 
ferences are means for an optimal S with the 
data sequences actually used in the present 
experiment. The optimal differences are 
relatively close together and so are the cor- 
responding means for Ss. 


Discussion 


Two of the results are in particular need of 
explanation. First, why did the average 5 рег- 
form so nearly optimally in both fixed stopping 
conditions? They differentiated almost per- 
fectly between the optimal sample sizes of 23 
in Cond. 60:40 and 15 in Cond. 70:30 level. 
This result is especially surprising since in à 
fixed stopping experiment reported by Green, 
Halbert. and. Minas (1964), Ss were almost 
completely unresponsive to the difference in the 
two levels of diagnosticity, A group of Ss in à 
60:40 condition purchased practically the same 
mean number of data as a different group of 
Ss in a 70:30 condition. One explanation of 
the inconsistency in the experimental results 
is that Ss may bring to the experiment a bias 
of purchasing greater amounts of less diagnos- 
tic information. Such a bias could be an over- 
generalization from nonlaboratory situations 
where data may be relatively inexpensive when 
compared to payoffs. In this situation, the opti- 
mal model prescribes the purchase of more of 
the less diagnostic data, whereas when data are 
relatively expensive, the model prescribes the 
purchase of more of the more diagnostic dat 
(Edwards, 1965). If such a bias does charac 
terize 5s, it was working with the independent 
variable of diagnosticity in the present experi 
ment but against it in the Green, Halbert, ап 
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Minas experiment where costs and payoffs 
called for more data in Cond. 70:30. 

The second important finding is that Ss per- 
formed relatively less well with the optional 
than the fixed stopping strategy because they 
tended to relax their stopping criteria too early 
in each sequence. This may be interpreted as 
a bias against “throwing good money after bad.” 
As such, it is similar to the mistake that in- 
experienced poker players make when they 
Consider how much money they have put into 
the pot rather than merely the size of the pot. 
But how can this bias be interpreted within 
the framework of decision theory? One possi- 
bility is that there is a tendency on the part 
of people to treat all optional stopping tasks as 
truncated, i.e., as having a fixed limit to the 
data they will buy or to the amount of money 
they will spend for it. This limit in the present 
experiment may have been considerably less 
than the limit of 48 supplied by the experi- 
mental conditions. Furthermore, the results 
suggest Ss may have imposed a smaller limit 
in Cond, 70:30. This may have been because 
the payoff for a correct terminal decision was 
only 30¢ in that condition. The S may well 
have felt that it would never be wise to pur- 
chase more than 30 data at a price of 1¢ each 
if the payoff for a correct decision is only 30e. 
In Cond. 60: 40 the payoff for a correct decision 
was 50¢, and the same reasoning would lead 
to truncation at a larger sample size. But such 
reasoning on the part of S is erroneous because 
it takes into consideration only the amount to 
be won rather than the difference between a 
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win and a loss. Gambling research does show, 
however, that Ss make such errors (eig, 
Slovic & Lichtenstein, 1968). With the con- 
straint of such an imposed limit on the total 
amount of data that will be purchased, the 
optimal strategy calls for a truncation of sam- 
pling, a relaxation of the criterion as the num- 
ber of data purchased approaches the previous 
imposed limit. That is, of course, the result of 
the present experiment, 
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Four experiments were conducted on the effects of interpolated activity on 
retention of digits and of specific kinesthetic events. Experiment I replicated 
Posner and Rossman's finding that short-term forgetting of digits is an 
increasing function of the size of the information-reducing transform in the 
interpolated task. Experiment II confirmed Posner and Konick's finding that 
short-term memory for a specific kinesthetic event does not depend on digital 
information-processing capacity available during the retention interval. 
Experiment III showed that kinesthetic recall can be interfered with by inter- 
polated kinesthetic activity; and in Exp. IV, kinesthetic activity interfered 
with the recall of digits only when the interpolated task involved an informa- 
tion transform of the condensation type. It was concluded that as with short- 
term memory for verbal responses, kinesthetic recall is subject to interference, 
but that the two types of retention may be differentially sensitive to similarity 
and difficulty effects. The evidence is consistent with the view that these 
two memory systems are based on independent neural-behavioral mechanisms. 


Information-reducing tasks of the con- 
densation type (Posner, 1964) require S to 
map more than one stimulus point into a 
single response, the amount of information 
per stimulus being greater than the amount 
of information per response. Adding pairs 
of decimal digits is an example of such a 
task, for there are 100 possible digit pairs, 
but only 19 possible sums. Classification of 
digit pairs into categories such as high-odd, 
low-odd, etc., is another. For information- 
conserving tasks such as copying pairs of 
digits, the amount of information in the out- 
put is the same as that in the input. Several 
studies (eg. Fitts & Biederman, 1965; 
Pierce & Karlin, 1957) using speed as the 
response variable showed that the larger the 
size of the information transform, the more 
difficult the task. 

In four experiments, Posner and Ross- 
man (1965) applied interpolated informa- 
tion-processing tasks to the study of verbal 


1 Requests for reprints should be sent to Harold 
L. Williams, Department of Psychiatry, Neurology 
and Behavioral Sciences, University of Oklahoma 
Medical Center, 800 Northeast Thirteenth Street, 
Oklahoma City, Oklahoma 73104. ' 

2 The authors thank Meredith Davison and R. J: 
Scotina for their assistance in the collection and 
analysis of data. 


short-term memory. After receiving a list 
of several digits, Ss performed information- 
conserving or information-reducing tasks, 
after which they were tested for recall of 
the initial digits. These investigators found 
that as the size of the information transform 
in the interpolated task increased, the likeli- 
hood of correct recall of the initially pre- 
sented digits decreased. They concluded 
that retention in short-term memory is an 
active process which requires a portion of the 
information-processing capacity of the hu- 
man. This process “can coexist to a greater 
degree with tasks which require a small 
amount of this capacity than with those re- 
quiring a larger amount [1965, p. 504].” 
There are, however, short-term memory 
tasks for which recall may not depend on 
the central information-processing capacity 
available during the retention interval. One 
of Posner’s (1966) tasks required S to re- 
call the distance through which he had 
moved a concealed lever. Although the 
mean error of reproduction for this kines- 
thetic task increased regularly with the 
length of the retention interval, there was 
no effect of interpolated digital data-process- 
ing; forgetting was no more rapid under а 
high-information-reducing condition than un- 
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der the condition of rest. In an earlier ex- 
periment (Lewis, McAllister, & Adams, 
1951), resistance to retroactive inhibition 
(RI) produced by an "antagonistic" kines- 
thetic task was found to decrease as a func- 
tion of the amount of original learning in a 
kinesthetic task. Briggs (1957), on the 
other hand, found that with verbal material, 
increasing original learning produced a сог- 
Tesponding increase in resistance to RI 
Produced by interpolated learning. These 
results suggest that the neural-behavioral 
mechanisms responsible for accurate recall of 
kinesthetic events may be different from and 
independent of those which control short- 
term memory for digits. Adams and 
Dijkstra (1966) also found that error on 
а test of kinesthetic recall was an increasing 
function of the retention interval, Because 
there were no identifiable sources of motor 
interference during the retention interval, 
they tentatively recommended trace decay 
as an explanation of their findings. If an 
interpolated task (e.g., a motor task) were 
found which did interfere with the recall of 
kinesthetic events, trace decay as a single- 
factor explanation would be challenged. Tf 
the proposition of the independence of verbal 
and kinesthetic retention mechanisms is true, 
then such an interpolated task should not 
interfere with the recall of digits unless it 
includes some type of information transform. 
Likewise, the effect on kinesthetic retention 
of an interpolated kinesthetic task should be 
independent of the amount of inform 
reduction involved in the task. 

The four experiments reported here repli- 
cated Posner's work on digital and kines- 
thetic short-term recall. His techniques 
Were extended to include a set of inter- 


polateq kinesthetic tasks which were applied 


ation 


a 1 kinesthetic and digital recall. Spe- 
Purposes of <periments were (a) 
to examin the expe ( 


tasks © further the effect of interpolated 

j inu — and kinesthetic retention, 

i € validi = ay ex- 

Planation for tity of the trace-decay ex 
to explore th 


“esthetic forgetting, and (c) 


Mesthetic st At a to which verbal and 
or -term inde- 
pendent Processes, memory are inde 
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Experiment II studied the effect of the same 
DI tasks on retention of a kinesthetic event 
(KR). Experiments III and IV used kines- 
thetic interpolated tasks (KI) with kines- 
thetic and digital recall, 


METHOD 
Subjecis and Procedure 


Sixty paid undergraduate male college students 
whose ages ranged from 18 to 32 (M =21.1) volun- 
teered for the four experiments. The first 30 Ss 
were randomly assigned (15 each) to Exp. I and 
II. The second 30 Ss were randomly assigned to 
Exp. III and IV, conducted several months later. 
A tape recorder was used to present standardized 
instruction and test trials to each S. Prior to the 
experimental trials, 5 received five practice trials 
on each interpolated task. 


Experiment I (DIDR) 


At the beginning of each trial, S heard six digits 
presented at the rate of l/sec, which he immedi- 
ately wrote down on the first page of a booklet. 
This procedure permitted one recitation of the 
digit set and was done in order to confirm sensory 
registration. The S then performed the designated 
transform on the last two digits of the set to be 
remembered and, without hesitation, turned the 
page and continued to apply this transform to col- 
umns of digits on the next page for 30 sec. In the 
instructions to S, the importance of speed and 
accuracy in the interpolated task was repeatedly 
emphasized. Having S transform the last two 
digits of the set to be remembered was an attempt 
to prevent further rehearsal prior to beginning the 
interpolated task. At the end of 30 sec. S imme- 
diately wrote down, in order, the six digits pre- 
sented at the beginning of the trial. Every third 
trial of each block of five was prefaced with the 
statement, "On the next trial only, you will not be 
required to write down the digits 
‘stop.’” This was labeled a 
was used to determin 
hold information 


on the 
speed 


transformations 
emembered and 
ected randomly 
ere omitted and 
ntical. For each 


Interpolated tasks—On each t 
ing the initial set of digits and 
S engaged in one of 


rial, after record- 


turning the Page, 


} he page, waited 
30 sec. until the command "stop," and wrote the re. 


tained digits on that page. (b) Recording ait, 
recording the Six digits and turning the раве, $ 
wrote down pairs of digits exactly as they appeared 
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in the columns of the test booklet. For this copy- 
ing task, the amount of information in the output 
was the same as that in the input (6.17 bits per 
pair). (c) Addition—S added each successive 
pair of digits and recorded the sum, input informa- 
tion being 6.17 bits per pair, and output information 
3 bits per sum (corrected for unequal proba- 


a. 
bilities of occurrence), thereby requiring 2.42 bits 
reduction per pair. (d) Classification—this was a 
l-bit classification task in which S recorded "A" 
if the pair of digits was either high and odd or 
low and even, "B" for the reverse. Input informa- 
tion was again 6.17 bits, yielding 5.17 bits reduction. 
Each S períormed the interpolated tasks with five 
trials per block in the íollowing order: resting, 
recording, addition, classification, classification, ad- 
dition, recording, and resting, for a total of 40 
trials. 


Experiment II (DIKR) 


A box containing a movable lever was con- 
structed following the specifications of Sulzer 
(1963). The lever and S’s hand were hidden from 
S's view by a curtain. The E, seated opposite S, 
could read the position of the lever on a protractor 
over which the lever moved. At the beginning of 
each trial, 5 inserted his preferred hand and heard 
over the speaker, "Get ready; grasp lever; begin." 
He then moved the lever at a steady rate from a 
stop peg on his right to a stop peg on his left, 
through one of the following arcs: 20°, 40°, 60°, 
70°, or 80°, the trial arcs being randomized in 
blocks of five. After moving the lever through the 
designated distance, S removed his hand from the 
box and immediately began one of the four inter- 
polated tasks described for Exp. I in the order 
designated for that experiment. After 30 sec., at 
the word "stop," he inserted his hand in the box 
and attempted to replicate the «distance moved 
initially. At the beginning of each trial, the lever 
was always at one of the two positions, 40? or 60° 
to the right of vertical. At recall, the lever was 
always at the alternate position, with stop pegs 
removed, requiring for accurate recall that the 
lever be moved to a new position. The intertrial 
interval was again 15 sec. Note that the three 
interpolated information-processing tasks required 
different amounts of writing activity, most for the 
copying task, and least for classification of digit 
pairs. Thus, if motor activity in general interfered 
with kinesthetic recall, one would expect greatest 
error after recording and least after classification. 


Experiment IIT (KIKR) 


The lever box and tape-recorded instructions for 
the kinesthetic memory task were the same as in 
Exp. П. The interpolated tasks involving repeated 
movements of the lever were indicated by a booklet 
whose pages contained randomly-ordered Vs with 
angles of 5°, 10°, 15°, 20°, 25°, or 30°. The Ss 
were urged to perform the interpolated tasks as 
rapidly and accurately as possible. The interpo- 
lated tasks were the following: (a) Resting— 
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S executed the movement to be recalled, removed 
his hand from the box, and rested until commanded 
to replicate the movement 30 sec. later. (b) Re- 
cording—aíter executing the movement to be re- 
called, S immediately returned the concealed lever 
to the vertical position and began moving it alter- 
nately to the left and right as indicated by the 
angles on the pages of the booklet. At the word 
“stop” 30 sec. later, he removed his hand from the 
box. The E immediately reset the lever at 40° 
or 60°, following which (2 sec.) the tape gave 
the command "recall" and 5 tried to replicate the 
original movement of the lever. The intertrial 
interval was 15 sec. This task required no informa- 
tion reduction. (c) Addition—S moved the lever 
alternately left then right, following the angles 
shown in the booklet. The third movement back 
to the leít was to be the sum of the previous pair 
of movements. He continued to copy and add pairs 
of angles until stopped by the tape, after which he 
tried to recall the initial movement. Under the 
constraint that no angle was repeated within à 
single pair, there were 30 equiprobable pairs of 
angles, yielding an estimated average input infor- 
mation of 4.91 bits per pair. The total number of 
sums was nine, but these sums are not equiprobable. 
Using the formula Н = —zpi log: pı which corrects 
for unequal probabilities, the average output infor- 
mation for accurate performance was computed as 
3.05 bits per sum. 'Therefore, the average amount 
of information reduction for the angle-adding task 
was estimated to be 1.86 bits per pair. The inter- 
polated tasks—five trials each—were presented in 
the order resting, recording, addition, addition, re- 
cording, resting for a total of 30 trials with an 
intertrial interval of 15 sec. 


Experiment IV (KIDR) 


The interpolated kinesthetic tasks described for 
Exp. III were applied to the digit memory task 
described for Exp. L Immediately after writing 
down the six digits to be recalled, S turned the 
page of his booklet and started the designated 
interpolated activity. As in Exp. III, the inter- 
polated tasks were presented in blocks of five 
trials each with the following order: resting 
recording, addition, addition, recording, resting: 
Again, there was a total of 30 trials, and the 
intertrial interval was 15 sec. 


RESULTS 


Analysis of data.—For each trial, the score 
for DR was the number of digits correctly 
recalled. А digit was considered correct 
either if it was in correct position or if it 
occurred as part of a series of two or more 
correct digits. The score could range fro 
zero to six. The trial score for KR was the 
absolute error of reproduction to the nearest 
degree. For the interpolated tasks, the score 


INTERFERENCE WITH DIGITAL AND KINESTHETIC STM 


TABLE 1 


Errects or DIGITAL INFORMATION PROCESSING 
on DIGITAL AND KINESTHETIC RECALL 


E 4 | Record-| Addi- | Classifi- 
тар. | ing | Чоп cation 
I (digits recalled) | N 
x 5.64) 4.54 | 4.30 | 3.67 
Sbetween Sa 5+) 92) 1.39 1.31 
П (absolute error in 
_ degrees) | | 
- Mia 9.50| 10.60 | 9.08 | 10.62 
Sbetween Ss 240} 3.11 | 2.89 3.44 


was the number of completed units or trans- 
forms. 

Digital interference with digital and kines- 
thetic recall (Experiments I and IT).—The 
accuracy of initial registration of digits av- 
eraged 99%. However, S’s recall score for 
each trial was based on the digit set actually 
Written by S at the beginning of the trial, 
thus including digits correctly recalled but 
incorrectly registered. As is shown in the 
upper half of Table 1, accuracy of recall of 
digits in Exp. I decreased as the difficulty 
of the interpolated transform increased. To 
assess this trend, the average Spearman 
rank order correlation coefficient k (Lubin, 
1961; Lyerly, 1952) between recall ac- 
curacy and interpolated treatments was com- 
puted. The a priori rank order for treat- 
ments was determined on the hypothesis that 
accuracy of recall should decrease as a mono- 
tonic function of the size of the interpolated 
informational transform. The average cor- 
relation between recall accuracy and the hv- 
pothesized rank order was .68 (р < .001). 
With the resting treatment removed from 
the analysis, p decreased to .50, which is 
Significant beyond the .05 level. The differ- 
ences between pairs of treatments were 
checked with the £ test for correlated mea- 
ЭНГ, All adjacent pairs of means were 
үл» different from one another (.05 

4 Or better) except the difference be- 
h . and addition. Thus, the 
hypothesis that recall of digits is a decreas- 
he size of the interpolated 
sform was confirmed. It 


(Broadbent, 1958; Brown, 


1964; Crowder, 1967. 
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simultaneously, performance on both tasks 
suffers. To determine if the task of re- 
membering digits produced a decrement in 
the interpolated tasks, the mean number of 
transforms for the recall and the no-recall 
trials within each interpolated task were 
compared using the f test for correlated mea- 
sures. Table 2 shows that for all three in- 
terpolated tasks, performance was faster on 
no-recall than on recall trials. The effect 
was significant bevond the .01 level in each 
case, indicating that the added load of at- 
tempting to hold information in short-term 
memory resulted in a decrement in perform- 
ance on the interpolated tasks. 

The lower half of Table 1 shows that in 
Exp. IT the average absolute error of re- 
production for the kinesthetic task was not 
an increasing function of difficulty of the 
interpolated information transform. The k 
for these data was .19, which was not sig- 
nificant. Furthermore, there was по evi- 
dence that accuracy of reproduction of lever 
displacements was affected at any level of 
interference. Average error of KR for the 
three interpolated tasks combined was 10.2° 
which was not significantly different from 
mean error of 9.5° for the resting condition. 
Finally, the mean absolute error of repro- 
duction was not a systematic function of the 
amount of interpolated writing activity. The 
average error after recording and classifica- 
tion was slightly greater (not significant) 
than after resting, while the error after add- 
ing was slightly less (not significant). An 
examination of signed error scores revealed 
no consistent treatment trends, either for 
constant error or variability. 

Kinesthetic interference with  kinesthe- 
tic and digital recall (Experiments III and 
IV ).—The upper half of Table 3 shows that 


TABLE 2 


PERFORMANCE ON INTERPOLATED ТАЅКЅ FOR 
RECALL AND No-RECALL TRIALS 


Recording Addition 


Classification 

Trials 
x s | & s x s 
Recall |20.12| 4.55 |20.44| 7.82 | 899| 350 
No recall | 24.21 | 3.59 | 26.27 | 8.35 | 10.37 | 392 


Note.—Entries are number of completed attempts, 
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TABLE 3 


Errects oF КІХЕЅТНЕТІС INTERPOLATED TASKS 
ox KINESTHETIC AND DIGITAL RECALL 


Exp. Rest E d Авар 
111 (absolute error іп degrees) 
X 8.92 | 11.59 | 11.81 
Stetween Ss 2.58| 3.44 | 4.05 
IV (digits recalled ) 
X 5.81| 5.68 | 5.22 
Sbetween Sa AT .68 | 1.02 


in Exp. ПІ, kinesthetic interpolated tasks in- 
terfered with accuracy of reproduction of the 
original displacement of the lever. The Ё 
between mean absolute error of reproduction 
and difficulty of the interpolated task was 
47, which is significant beyond the .05 level. 
The ¢ test for correlated means indicated 
that this effect was due to kinesthetic inter- 
ference in general rather than to information 
reduction. In the resting condition, the av- 
erage error score was significantly less than 
the mean error for the two interpolated task 
conditions, but recording and adding did not 
differ from one another in their effects on 
KR. Analysis of signed error scores for KR 
revealed no consistent differences between 
treatment means and no trend for constant 
errors to increase or decrease. The vari- 
ance of signed errors was significantly 
greater in both the recording and adding 
conditions than in the resting condition 
(t test). However, the variability of signed 
scores for the recording and adding condi- 
tions did not differ significantly, thus giving 
support to the “kinesthetic interference" 
interpretation. 

The data in the lower half of Table 3 in- 
dicate that there was a slight tendency for 
the kinesthetic interpolated tasks to inter- 
fere with the recall of digits. Note, how- 
ever. that the difference (not statistically 
significant) between the recording and rest- 
ing conditions was very small. The k coeffi- 
cient for these data was .47, which is sig- 
nificant beyond the .05 level, but the ¢ test 
(p< 05) showed that this effect was due 
mainly to the difference between resting and 


addition. It appears that kinesthetic tasks 
interfered with recall of digits only when 
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the information-reducing operation was in- 
troduced. 


Discussion 


These results confirm Posner and Rossman's 
(1965) finding that accuracy of recall of digits 
is a decreasing function of the size of the infor- 
mation transform intervening between presenta- 
tion and recall. They support Posner’s conclu- 
sions that retention of digital information is an 
active process and that “the rate of loss of 
information from a short-term memory system 
depends upon the processing capacity (atten- 
tion) available during a brief period after 
presentation of the stimulus [1966, p. 1712].” 
In addition, the decrease in the number of 
transforms performed when recall was required 
indicated that holding information in short- 
term memory interferes with information- 
processing tasks. Crowder (1967) also found 
reciprocal effects between interpolated tasks and 
retention. Such findings are consistent with 
studies of simultaneous tasks by Broadbent 
(1958) and others and support Posner’s view 
that retention of digits is an active process. 

For retention of digits, the present results 
differ from Posner’s in that no systematic dif- 
ferences between adding and recording as inter- 
fering tasks were found. However, it is well 
known that practice overcomes most of the 
effects of information load on performance, so 
that one might expect variation from one ex- 
periment to another in the effects of these well- 
practiced tasks. 

The present experiments also confirm Posner 
and Konick’s (1966) finding that interpolated 
digital information processing has no systematic 
effect on recall of a specific kinesthetic event. 
The arc through which an unseen lever was 
moved was almost as accurately reproduced 
after 30 sec. of information processing as after 
30 sec. of resting. Apparently, retention of à 
single kinesthetic event does not depend on the 
availability of central digital processing capac- 
ity. Furthermore, there is no evidence that the 
motor activity involved in writing digits causes 
impairment of kinesthetic recall. If both fac- 
tors—loss of central digital processing capacity 
and kinesthetic interference produced by the 
motor act of writing digits—were present, the 
means of the three tasks involving information 
processing would be higher than the mean 0 
the “resting” task. This, however, is not the 
case. An alternate interpretation of these Te- 
sults might invoke the concept of relative diffi- 
culty of the memory tasks. Perhaps reducing 
the difficulty of the digital retention task would 
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eliminate the interference effects of interpolated 
information processing, or increasing the difi- 
culty of the kinesthetic retention task would 
augment them. Apparently the literature con- 
tains no information on interference with 
retention of complex kinesthetic tasks, but very 
simple digital recall tasks have been used in 
conjunction with interpolated information proc- 
essing. Peterson and Peterson (1959) used 
groups of three letters as recall information, 
and counting backwards by threes (an informa- 
tion-reducing operation) as the interpolated 
task. The dramatic impairment of recall which 
they found with this reduced storage load sug- 
gests that difficulty of the memory task is not 
as important as task “modality.” 

In the kinesthetic modality, the failure of 
interpolated digital information processing or 
writing activity to impair recall suggests the 
trace-decay model as an explanatory concept. 
However, Exp. III showed that retention of a 
kinesthetic event may be impaired by an inter- 
polated kinesthetic task. Both of the kines- 
thetic interpolated tasks in Exp. III caused a 
small decrement in recall of the initial dis- 
placement of the lever. Thus, as with verbal 
forgetting, interference can be recommended as 
an explanation of short-term forgetting of 
kinesthetic events. 

It seems, however, that digital and kinesthetic 
retention are not identical processes. Clearly, 
for the forgetting of digits, difficulty of the 
interpolated task is more important than the 
similarity of its product to the stored informa- 
tion. The letters recorded in the classification 
task are less similar to the stored digits than the 
digits recorded in the adding and recording 
tasks, but the classification task caused greater 
interference. Crowder's (1967) results support 
this interpretation. A difficult (low-compati- 
bility) key-pressing task impaired short-term 
verbal recall more than a simple one. For kines- 
thetic recall, there was no evidence either in 

Xp. II or III that forgetting was a function 
ОЇ the size of the interpolated information trans- 
orm. Perhaps in the retention of a specific kin- 
iis event, similarity of the interpolated task 
fiera А! in store isa critical variable. The 
volves — interpolated activity in Exp. II in- 
lar to those _ movements which were ve See 
finding ier required inthe memory td The 
eres with д, kinesthetic interpolated task in ^ 
results Ъ ames retention conflicts with 
Ever ihe lick and Bilodeau (1963). How- 
single Em arc-drawing task required only E 
of ac interpolated movement between a pair 
quisition trials. Later, Boswell and Bilo- 
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deau (1964) found that the interpolated move- 
ment of zeroing a lever did not interfere with 
retention of a lever movement, but that “dis- 
engagement" from the task in the form of 
retrieving a pencil resulted in decrement in 
retention. The results in Exp. III indicate that 
a series of speeded, similar motor movements 
can also impair kinesthetic recall. The accumu- 
lating evidence suggests that both trace-decay 
and interference may be important factors in 
short-term kinesthetic memory. 

The results of Exp. IV (and of the first three 
experiments) are consistent with the conclusion 
that the neural-behavioral mechanisms for digi- 
tal and kinesthetic short-term memory are inde- 
pendent. Just as interpolated digital informa- 
tion processing had no effect on the recall of 
kinesthetic events in Exp. II, interpolated kines- 
thetic activity alone had no effect on the recall 
of digits in Exp. IV. The kinesthetic task inter- 
fered with retention of digits only when it 
involved an information transform of the con- 
densation type. 
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INFORMATION THEORY AND STIMULUS ENCODING 
IN FREE AND SERIAL RECALL: 


ORDINAL POSITION OF FORMAL SIMILARITY 


DOUGLAS L. NELSON? 
University of South Florida 


Information theory analyses of three-letter English words show that begin- 
ning and end letters carry more information than middle letters and that 


beginning letters carry more than end letters. 


Each S acquired a single 


list of three-letter words in which there were zero identical letters within 
a given ordinal position or identical letters in only the first, middle, or last 
or first-and-middle, first-and-last, or middle-and-last letter positions. Half 
of the Ss in each of these conditions practiced the list by the method of free 
recall and half by the method of serial recall. Ease of free recall increased 
in the order middle, last, and first for single-locus conditions and in the 
order middle-and-last, first-and-middle, and first-and-last for dual-locus condi- 


tions. 


This ordering of identity conditions was reversed for serial recall. 


The direction of this significant Method of Recall X Identity Conditions 
interaction was interpreted as being consistent with the hypothesis that words 
are processed on the basis of informational structure. 


An information theory analysis of a sam- 
ple of 633 three-letter words taken from the 
American College Dictionary shows that the 
amount of information provided by a letter 
within a word depends upon its position in 
that word. For first, middle, last, first-and- 
middle, first-and-last, and middle-and-last 
positions, bits of information were, respec- 
tively, 4.46, 3.35, 4.21, 7.06, 8.10, and 6.89. 
Beginning and end letters carry more than 
middle letters, and beginning letters carry 
more than end letters. Evidence obtained 
from tachistoscopic presentations has been 
consistent with the hypothesis of strong 
habits of attending to the parts of words 
Carrying the greatest amount of information 

Bruner & O'Dowd. 1958; Halesrud & 
lark, 1957), Additional data have sug- 
8ested that words are processed on the basis 
е: informational structure. Brown and 
"tip «i (1966). in order to precipitate : 
he ай Пе tongue” state, read definitions o 
identificatig English words and Nee 
each definitio, о the word associate Ne 
1. While in this state, ident! 


g 
James gather is indebted to David Barfoot and 
Sue. DU for running Ss in this experiment. 
elson for reprints should be sent to Douglas 
South Fi epartment of Psychology, University of 
orida, Tampa, Florida 33620. 


fication of the first and last letters of the 
"target" word was superior to middle-letter 
identification. Following the presentation of 
a list of six- or nine-letter words, Horowitz, 
White, and Atwood (1968) showed frag- 
ments of these words in a recall test. Re- 
generation of the words in the list from the 
fragments was requested. Recall accuracy 
was highest when beginning fragments were 
given, next highest with end fragments, and 
lowest when middle fragments were shown. 
Nelson and Rowe (1969) varied the num- 
ber and ordinal position of identical letters 
within three-letter word stimuli of paired- 
associate lists. Difficulty of acquisition in- 
creased in the order middle, last, and first for 
the single-locus conditions and in the order 
middle-and-last, first-and-middle, and first- 
and-last for the dual-locus conditions. Each 
of these conditions was significantly more 
difficult than the zero-identity control. These 
data were interpreted as being consistent 
with the information theory analysis of words 
which predicted that difficulty of acquisition 
would increase as the actual information de- 
creased in the normally high-information 
parts of words. 

The purpose of the present experiment was 
to systematically vary ordinal position of 
identical letters in order to evaluate the utility 
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of the informational analysis for predicting 
stimulus encoding processes in free and serial 
recall tasks. Horowitz (1961) and Carterette 
(1963) manipulated degree of formal simi- 
larity unsystematically across ordinal posi- 
tion in consonant trigram lists and found 
that high relative to low similarity impaired 
acquisition in a serial recognition task but 
facilitated recall, at least early in acquisition, 
in a free recall task. In contrast to the latter 
finding, Underwood, Ekstrand, and Keppel 
(1964) found that high relative to low for- 
mal similarity among consonant trigrams 
impaired free recall performance throughout 
the course of acquisition. Detrimental ef- 
fects of high formal similarity in serial recall 
tasks have also been reported in investiga- 
tions of serial anticipation learning (eg. 
Underwood & Richardson, 1956, 1958) and 
in studies on short-term memory (Baddeley, 
1966). Facilitating effects of high relative 
to low similarity on free recall have been 
obtained using nonsense words (Garner & 
Whitman, 1965), strings of letters (Miller, 
1958), and words (Ekstrand & Underwood, 
1963). These data suggested that effective 
levels of formal similarity would facilitate the 
free recall and impair the serial recall of 
words. In conjunction with the informa- 
tional analysis, this evidence suggested that 
ease of free recall should increase in the or- 
der middle, last, and first for the single-locus 
conditions and in the order middle-and-last, 
first-and-middle, and first-and-last for the 
dual-locus conditions, each of these condi- 
tions being superior to the zero-identity con- 
trol. Ease of acquisition by identity condi- 
tion should be reversed for serial recall. 
These considerations predict a Method of 
Recall X Identity Conditions interaction in 
which the relative differences between free 
and serial recall should vary with locus of 
identical letters. Thus, differences should 
be smallest under zero identity, increasing 
in the order middle, last, and first for the 
single-locus treatments and in the order 
middle-and-last, first-and-middle, and first- 
and-last for the dual-locus conditions. Im- 
plications for research on memory concern- 
ing the relative importance of encoding words 
on the basis of acoustic vs. informational 
characteristics are discussed. 
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METHOD 


Subjects.—There were 14 conditions with 12 Ss 
in each. The Ss, fulfilling an introductory psychol- 
ogy course requirement, were assigned to conditions 
in blocks of 14, with 1 5 from each condition 
per block. Assignment within blocks was ran- 
domly determined. Each of two Es tested half of 
the Ss for each condition. 

Material—Each S acquired a single list of 12 
unrelated three-letter words in which number and 
ordinal position(s) of identical letters within word 
lists were varied. Six lists, equated for frequency 
of occurrence, were constructed so that there were 
three subsets of four words each. Within each sub- 
set of the respective lists, there was complete 
identity in the first, middle, or last or first-and- 
middle, first-and-last, or middle-and-last letter 
positions (e.g. for first-letter locus, the stimuli 
were BAG, BED, BIT, BUS, SOW, SHE, SKI, SPY, ARM, 
ALP, ASK, and AWN). When identity was manipu- 
lated with respect to a given location(s), there was 
no letter repetition within the remaining posi- 
tion(s). A seventh list having zero identical letters 
within any given ordinal position was also con- 
structed. Six different, randomly generated item 
sequences were used for each of the identity con- 
ditions. 

Procedure.—Half of the Ss in each of the iden- 
tity conditions practiced the list by the method of 
free recall in which they were instructed to recall 
the words of the list in any order. The remaining 
Ss acquired the list by the method of serial recall 
in which they were required to reproduce the 
words in the order in which they were presented. 
Starting on the initial presentation and on every 
trial thereafter, S pronounced each stimulus aloud 
as it appeared. 

Each word was typed in capital letters and was 
automatically presented via a Lafayette memory 
drum Model 303 at a 2-sec. rate. Following the 
last word in the list, the cue "Recall" was pre- 
sented, at which time S wrote as many of the 
words of the list as he could remember on 2 
3X 5 in. sheet of paper, covering each word with 
a 3X5 card as he wrote. There were 12 unnum- 
bered, vertically placed lines on each sheet. 
maximum of 30 sec. was allowed for recall, with 
guessing encouraged. At the end of the recall 
period, E read aloud the word “Stop,” which 
appeared in the drum window, and removed the 
recall sheet, replacing it with a new one. 
completed the task before the end of the period, 
the protocol sheets were exchanged and E reset 
the drum to the beginning of the list, shortening 
the intertrial interval. Practice in each condition 
was continued in this manner for 10 trials, the 
sequence of the items being the same on each tria 
for a given S. Constant sequence was used in free 
recall to avoid confounding reordering with metho 
of recall. This modification of the typical free 
recall method appears reasonable since constant 
list order apparently does not differentially affect 
acquisition rate relative to reordering items before 
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every trial when recall is free (e.g, Waugh, 1961). 
The E effect was completely counterbalanced with 
respect to methods, identity conditions, and se- 
quences. 


RESULTS 


The experimental design provided for 
analyses of variance of correct responses to 
the acquisition criterion, and when repeated 
measurements were involved, procedures de- 
scribed by Winer (1962) were used. Vari- 
ance estimates appeared homogeneous. 
Fisher’s least significant difference test was 
used to evaluate differences between means. 
The 5% level was the criterion of significance 
for all statistical tests. Since the E effect 
and all interactions between this effect, iden- 
tity conditions, and method were less than 
unity, the data were combined across E in all 
subsequent analyses. | 

A correct response was defined as an item 
belonging to the list in free recall and as an 
item from the list in its appropriate ordinal 
position in serial recall. Statistical analysis 
showed that method and trials and the 
Method x Trials and Method х Identity 
Conditions interactions all represented sig- 
nificant sources of variation. Mean correct 
responses on Trials 1-10 under conditions 
of free recall were, respectively, 5.93, 7.38, 
8.23, 8.87, 9.13, 9.49, 9.79, 9.87, 10.06, and 
10.48. For serial recall conditions, these 
respective means were 2.06, 3.54, 4.43, 5.38, 
6.17, 6.88, 7.37, 7.89, 8.60, and 9.34. The 
least significant difference was 1.00, indi- 
cating that significantly more correct re- 
sponses were made on each trial under con- 
ditions of free relative to serial recall. The 
Method x Trials interaction reflected dif- 
ferences in the nature of the functions re- 
ating method and trials. with a negatively 
accelerated function for free recall and а 
inear function for serial recall. Table 1 
Presents the mean number of correct re- 
sponses for the Method x Identity Condi- 
р Interaction, Mean differences greater 
Witt ры 3.08 were statistically ee 
of free. + е single-locus identity con ns 

еса], correct responses increase 1n 
isi order middle, last. and first, with each 
€an being significantly different from each 
Other mean, With the exception of the 
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TABLE 1 


MEAN Correct RESPONSES FOR FREE AND 
SERIAL RECALL AS A FUNCTION OF 
LOCATION oF IDENTICAL LETTERS 


Identity conditions 


Method) 7 2 


E and- 
middle| last last 


3 | 88.58 | 02.08 | 85.50 
| 60.16 ia 62.22 


middle-letter identity condition, each of these 
means was different from the zero control. 
Within the dual-letter locus treatments of 
free recall, the order of significantly increas- 
ing correct responses by condition is middle- 
and-last, first-and-middle, and first-and-last. 
Reliabily more correct responses were found 
in the first-and-last condition relative to the 
zero control. Under conditions of serial re- 
call, correct responses increased in the order 
first, last, and middle with the first-letter 
locus condition differing from middle and 
last, which did not differ from each other. 
Within the dual-locus treatments of serial 
recall, the order of increasing correct re- 
sponses by condition was first-and-last, first- 
and-middle, and middle-and-last. Signifi- 
cantly more correct responses were obtained 
under the zero control than under each of the 
identity conditions, with the exception of the 
middle-letter locus treatment. These com- 
parisons indicated that within the single- 
and within the dual-locus conditions, the 
ordering of identity treatments was reversed 
for free and serial recall. An additional 
Method x Identity Conditions х Trials 
analysis was performed in which a correct 
response for serial recall was regarded as an 
item belonging to the list regardless of cor- 
rect ordinal position. This analysis revealed 
patterns of significant sources and mean dif- 
ferences which were identical to those re- 
ported in the previous analysis, even though 
number of items recalled increased at average 
of 25.60% in serial recall. 

A Method X Identity Conditions х Serial 
Position analysis was performed to test for 
a possible third-order dependency among 
these variables. Method, serial position, 
Method X Serial Position, and Method x 
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Identity Conditions were the only significant 
sources. Mean correct responses for free 
recall in Serial Positions 1-12 were, re- 
spectively, 8.21, 8.07, 7.48, 6.87, 6.74, 6.76, 
7.18, 6.90, 7.08, 7.45, 7.89, and 8.62. For 
serial recall, these respective means were 
9.33, 8.24, 7.37, 5.92, 4.96, 4.02, 3.32, 275, 
2.89, 3.22, 4.18, and 5.46. Mean differences 
greater than or equal to 1.29 are statistically 
reliable. The serial position curve obtained 
under conditions of serial recall was similar 
to that typically reported, whereas the curve 
found under conditions of free recall ap- 
peared flattened. 

To assess the degree to which letter iden- 
tity could serve as a basis for "clustering," 
a ratio of number of items recalled in clusters 
to total recall was tabulated trial by trial for 
each S in each of the identity conditions 
(e.g., Marshall, 1967). A cluster was de- 
fined as at least two successive words having 
letters in common. Statistical analysis of 
these proportions showed that identity con- 
ditions and trials were significant. Cluster- 
ing increased by condition in the order mid- 
dle. last, first, middle-and-last, first-and- 
middle, and first-and-last, the respective 
mean proportions being .436, .531, .542, 
679, 712, and .782. The least significant 
difference was .032, indicating that each of 
these means was different from each other 
mean with the exception of first vs. last. 
The significant trials source indicated that 
clustering increased as a function of prac- 
tice, the respective means for Trials 1-10 be- 
ing .453, .538, .589, 613, .607, .669, .683, 
.640, .676, and .668. A similar analysis of 
the number of clusters revealed a pattern of 
mean differences identical to that previously 
reported. The apparent tendency to cluster 
words with letters in common, plus the fact 
that these words were presented in the same 
sequence on each trial, would account for the 
relatively flat serial position curve obtained 
in free recall. 

A repetition error was defined as a re- 
sponse from the list which was given more 
than once on a given recall trial. An analy- 
sis of these errors for identity condition 
within free and serial recall indicated that 


significantly more repetition errors were ob- 
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tained under conditions of free relative to 
serial recall, regardless of identity condition. 
The respective means are 5.74 and 1.33, 
representing 5.98% of the total responses in 
free and 2.08% of total responses in serial 
recall. А similar analysis, indicating that 
no sources were statistically reliable, was 
performed on number of extralist intrusions. 
Mean extralist intrusions per condition were 


99, representing 1.29%% of total responses. 


Discussion 


The results of the present experiment are 
generally consistent with data on the effects of 
formal similarity on free and serial recall and 
with predictions derived from the informational 
analysis of three-letter words, suggesting that 
these words are Processed on the basis of in- 
formational structure, Relative differences be- 
tween methods of recall are systematically 
related to the ordinal Position(s) of identical 
letters within the stimulus set, These differ- 
ences are smallest in the zero control, increas- 
ing in the order middle, last, and first within 
single-locus conditions and in the order middle- 
and-last, first-and-middle, and first-and-last 
within the dual-locus conditions. Thus, there is 
an inverse relationship between ease of acquisi- 
tion and method of recall within single- and 
within dual-locus conditions. This relationship 
appears to be independent of stage of acquisi- 
tion and serial position, 

Under conditions of serial Tecall, ease of 
acquisition significantly decreases as degree of 
formal similarity increases from zero to iden- 
tity within a single ordinal position to identity 
within two positions, This result is consistent 
with previous findings. A similar comparison 
under conditions of free recall shows that ease 
of acquisition increases in going from zero to 
identity within a single position, but does not 
increase in going from single- to dual-locus 
identity. This latter comparison is inconsistent 
with predictions derived from the informational 
analysis. However, comparisons of the dual- 
locus treatments with the zero control and with 
Particular single-locus conditions suggest that 
some unidentified factor acted to suppress per- 
formance in these conditions. In view of the 
high recall for first-letter locus, this factor does 
not appear to be a ceiling effect. Despite the 
lower recall in this set of conditions, the clus- 
tering analysis of the data of free recall is 
highly consistent with the hypothesis of process- 
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ing these words on the basis of their informa- 
tional structure. 

The structural characteristics of the words 
employed in the present study appear to play 
а relatively more important role than their 
acoustical characteristics in determining word 
processing. Stimulus sets within the single- and 
Within the dual-locus conditions of the experi- 
ment are identical in amount of formal similar- 
ity, Moreover, no one stimulus set within each 
of the conditions appears to be more or less 
acoustically similar than any other set, as far 
as can be determined by inspection. For exam- 
ple, the stimuli BAN, BEN, BIN, BUN, etc., do not 
appear to sound any more similar than the 
stimuli Bay, pay, GAY, MAY, etc., yet there are 
reliable differences in rates of acquisition be- 
tween the identity conditions represented by 
these stimuli for both free and serial recall. 
This speculation is not intended as an implica- 
tion that acoustic similarity is not an effective 
variable. Data reported by Conrad (1964) and 
Wickelgren (1965) unequivocally demonstrate 
that the acoustic similarity of single letters 
influences their serial recall, at least within the 
context of the short-term memory experiment. 
Findings reported by Baddeley (1966) on the 
Short-term serial recognition of words are also 
consistent with the acoustic similarity hypothe- 
Sis. However, interpretation of Baddeley's data 
is difficult since the list designated as acousti- 
cally similar but formally dissimilar consisted 
of words having identical last letters, with some 
pairs of words having identical last two letters, 
Additional research is necessary to identify the 
conditions which control processing in terms 
of informational or in terms of acoustical 
characteristics. 
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EFFECTS OF TIIE WIN-LOSS RATIO AND CHALLENGE ON 


SPEED IN A TWO-PERSON LEVER-PRESSING RACE 


PAUL С. SWINGLE? 


Game Behavior Laboratories, McGill University 


Sixty male Ss were involved in 50 short races against a programmed opponent 
(O). The S won either 10% (Ww), 50% (Wz), or 90% (Ww) of the 
races under high challenge (all races close) or low challenge. Although the 
immediate effect of winning was a reduction in response speed on the follow- 
ing trial, average total speed increased directly with the frequency of win- 
ning. Challenge had no effect on Ww Ss. Тһе Wæ Ss responded faster 
under high challenge, while Wis Ss responded faster under low-challenge 
conditions. High-challenge, evenly matched Os (We) tend to be most 
attractive as future competitors, whereas highly victorious Os (Wi) are 


1 


less desirable as future competitors than highly defeated Os (Ww). 


There is a fair amount of evidence indi- 
cating that competition against other per- 
sons results in enhanced performance rela- 
tive to an individual's performance in non- 
competitive situations (Allport, 1924; 
Church, 1962; Church, Millward, & Miller, 
1963). Zajonc (1966) stated that the simple 
presence of other people facilitates human 
performance, presumably due to the in- 
creased arousal that results from being ob- 
served by an audience. Dashiell (1935) 
suggested that the effects of the presence of 
other people on S’s performance may be the 
result of two independent factors. First, 
the mere presence of an audience has the ef- 
fect of increasing arousal, which in turn fa- 
cilitates performance. Second, if the other 
persons in the situation are performing the 
same task, competition is encouraged, and 
this increases S’s rate. 

Although & group of observers, coacters, 
or direct competitors tends to facilitate per- 
formance, the increase in arousal may have a 
disruptive effect upon learning (Zajonc, 
1966) since the relationship between arousal 
and learning is curvilinear. There is some 
evidence to suggest that the relationship be- 
tween arousal and performance is also non- 
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monotonic; supraoptimal arousal may sup- 
press performance rates (Leuba, 1955; 
Swingle & Moors, 1967). 

Several studies indicated that highly com- 
petitive situations may suppress the speed 
of protagonists in a racelike situation. Scott 
and McCray (1967) found, eg., that dogs 
ran significantly faster in pairs than singly in 
a noncompetitive situation (both Ss received 
food at the end of the run), whereas com- 
petition (only the first S received food) had 
the effect of slowing the running times, In 
addition, the tendency for опе $ to win 90% 
or more of the races was decreased under 
competitive conditions. Petrie and Galloway 
(1966) reported that performance on a com- 
plex motor skill (slot car racing) was ad- 
versely affected by competition. The major 
factor contributing to the decrement in the 
competitive situation was the tendency fot 
operators to run their cars at excessive spee% 
increasing the frequency with which cars 
went off the track. 

Although it is common to assume that 
contestants in simple performance situations 
(races) tend to demonstrate maximum spee 
in “neck and neck" competition, it is not un- 
reasonable to assume that the high arousa 
associated with highly challenging situations 
may suppress performance, particularly 
when the goal or prize associated with ? 
win is great. 

In repeated contests with the same OP 
ponent, at least two factors may contribute 
to the motivating properties of competition * 
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PROGRAMMING 


© [5 
Ye 


TRAIN LOCATION 
(MAGNETIC SWITCHES 
AND PHOTOCELLS 


FINISH 


Fic. 1. Schematic drawing of the race simulation. (See text for details.) 


(a) the win-loss ratio and (b) challenge, 
i.e., the distance by which one characteristi- 
cally leads or lags behind one's opponent. 
The present study was designed to explore 
the effects of win-loss ratio and challenge 
on performance speed in a simple lever- 
Pressing situation under conditions of no ex- 
ternally administered material reward. The 

5 were placed in a situation in which they 
Competed against a programmed opponent 
for 50 short races, Three win-loss ratios were 
me (10%, 50%, and 90% wins) and 
c= Evels of challenge—high challenge (S 
lenge phe by short distance) and low chal- 

leads or lags by large distance). 


bi METHOD 

vervi 

тайту Gee of the experimental situation—A labo- 

essentia] ao was devised to duplicate all of the 

Sacrificing САГА! characteristics of a race without 

Schematic ,"XPerimental control, Figure 1 is a 
€ drawing of the entire situation. 


Contestants were seated in separate, ventilated 4 
X 6 ft. isolation cubicles acoustically isolated from 
both the other Ss and the programming and re- 
cording apparatus situated in another room. Only 
one S was used at a time, as the “opponent's” (O's) 
train was controlled by programming apparatus. 

The cubicle contained a response console, a TV 
monitor, and an intercom station. 
console consisted of a standard 19 
model relay rack with 


The response 
X 21 in. table- 


a solid steel face plate. 
Mounted on the face of the panel were two white 


lights, one labeled "you won" and the other 
labeled “opponent won." Under each white light 
an electric impulse counter was mounted and 


labeled appropriately "opponent's score" and "your 
score." A red "go" light was situated in the center 
of the panel to signal the beginning of a race. The 
response manipulandum consisted of a cam 


ke 
(Stromberg Carlson, No. 171D) mounted 1 in, denn 
the base in the center of the panel. 

The Ss viewed the game board (situated in an- 
other room) on the TV monitor. The game 
board consisted of a 4х8 ft. board upon which 
two straight 6-ft. model train tracks were mounted 
parallel to each other in the center of the board. 
One model train engine was situated on each track 
facing the finish line shown at the Tight side of the 
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TABLE 1 
AVERAGE TIME IN SECONDS FOR Ss TO 
TRAVERSE THE TOTAL DISTANCE 
or THE RUNWAY 
Percentage of wins 
Statistic E — 
10 50 90 
Approximate lever- 
pressing speed _ А 
responses /sec) заз | во: 544 


Challenge 


High| Low | High | Low | High | Low 

| 

Mean time (in | 
seconds) 18.75 | 15.95 | 14.34 | 16.37 | 14.22 | 14.07 
SD 469| 2.71] 3.55] 2.95] 2.44] 2.85 
game board. Thus, S was directly involved in 


the race, as he could view every move of O and, 
more importantly, was aware of the relative dis- 
tance between his train and O's train at any point 
during a race. When a race started, the trains 
were situated at "start," as shown in Fig. 1; and 
the beginning of the trial was indicated to 5 by 
illumination of the red "go" light. When this 
light was on, S could control the speed of his train 
on the 6-ft. section of the track labeled "runway" 
in the drawing and could vary the speed of his train 
by manipulating the lever mcunted on his console. 
The faster he pushed the lever, the faster his train 
moved. The apparatus was programmed so that 
for every seven lever presses, S's train advanced 
approximately 6} in. along the track. Тһе E con- 
trolled O's train by regulating the írequency of 
the pulses. 

After both trains had reached the finish line, one 
of the two white lights on S’s panel came on, indi- 
cating either that he had won or that O had won. 
Coincident with the light onset, one point was added 
to the total score of the winner on the appropriate 
counter on S’s panel. Once both trains had reached 
the end of the track, they were automatically re- 
turned to the start position. The light on the S's 
panel indicating the winner of the previous race 
was extinguished, and the next race began after 
an intertrial interval of 6 sec. 

Subjects—The sample consisted of 60 male stu- 
dents enrolled in postgraduate business courses in 
the evening program at McGill University. The Ss 
ranged in age from 23 to 50. All possessed at least 
one university degree and all held full-time posi- 
tions. 

Proccdure.—After being seated іп the isolation 
cubicles, 55 heard tape-recorded instructions pre- 
sented via the intercom system. The Ss were told 
that the experiment “is a study in motor activity. 
To make the task interesting, we have made it 
into... a гасе” Detailed instructions on the op- 
eration of the game followed. They were informed 
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that the faster they lever-pressed, the more rapidly 
the train would move and that 


the object of the game is to make the train reach 
the end of the track before your opponents 
train. After each race, the winner will be de- 
clared as indicated by one of the white lights on 
the upper part of the panel, and the counters will 
keep a cumulative total of your wins and your 
opponent's wins. 


Six groups of 10 Ss were combined in a 3 х 2 
factorial design consisting of three levels of win- 
loss ratio and two levels of challenge. The win-loss 
ratio was varied by controlling the number О! 
trials on which S finished first. In Level Ww» 
S won 10% of the races (5 out of the 50). In 
Level Wæ, S won 50% of the races, and in Level 
Ws, 5 won 90% of the races. In the low-challenge 
level, S or O always led or lagged during the last 
3 ft. of the runway by more than one car length 
but less than two. In the high-challenge level, 
S never led nor lagged behind O by more than 
half a car length during the last half of the race. 

Айег the instructions were played, E reentered 
the cubicle, answered all questions, and probed to 
be sure S understood the operation of the game. 
At the end of the experiment, S was asked to 
complete two questionnaires, the first of which was 
designed to obtain S's evaluation of the task, and 
the second required him to give his "best guess" 
about the person against whom he was competing. 
The latter scale consisted of 14 semantic differ- 
ential items. 

The time (in twentieths of a second) required 
for S to traverse the first 3 ft. (start time), last 
3 ít. (finish time), and total 6 ft. (total time) of the 
runway was automatically recorded. Trial pacin£ 
automatic return, point accumulation, and other pro- 
cedures associated with controlling the session, as 
well as the recording of lever-pressing responses, 
order of finish, and latency were all accomplishe' 
by means of standard programming and recording 
apparatus. 


RESULTS 


The average time in seconds required for 
Ss in each one of the experimental conditions 
to move the train over the entire 6-ft. runway 
is shown in Table 1. As it required approx" 
mately 77 lever presses to move the tra!” 
from the start to the finish on a single tr!4* 
the estimate of lever-pressing speed was ob- 
tained by dividing the means shown in Ta- 
ble 1 into 77. 

The average total time data were sub- 
mitted to analysis of variance, which indi 
cated a significant main effect of percentage 
of wins, Е (2, 54) = 6.11, p< 01. ТИ” 
main effect is further defined by the inte” 
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Fic. 2. Percentage of change in start-time speed following a win 
or a loss trial for each experimental condition. 


action with challenge, Ё (2,54) = 3.14, .10 > 
р> 05, The means associated with the 
percentage of wins main effect (see Table 
1) indicate an orderly increase in speed as- 
sociated with greater success in the race. 
Application of the Duncan multiple-range 
test indicated that the 10% groups (X = 
17.35 sec.) were significantly slower than 
the 50% groups (p < .05) and the 90% 
groups (р < 01). The 5096 (X = 15.36 
sec.) and the 90% (X = 14.15 sec.) groups 
were not significantly different (p > .05). 
Challenge appears to have no effect upon 
Ss under the Waa schedule, whereas high 
challenge resulted in faster speeds in the Wao 
STOUD and slower speeds in the Wo group. 
isdin determine the effects of winning or 
increase Particular race on S's унео A 
speed а 15 initial speed on the next trial. 
determing 56 anaron Wane calculated. Tp 
Ss in ihe the effects of winning a race on 
centage o Wai and Was groups. the per- 
of th difference in start time (first half 
< runwa ; ‘in trial and the 
y ) between the win trial at 

rial in all loss-win-loss sequences 
percent ated. These data are shown as 
аре of change in speed on the left 


nal loss t 
Was calcul 


side of Fig. 2. Similarly, to determine the 
effect of losing a race on Wo. and Woo 
group Ss, the difference in start time between 
the loss trial and the final win trial in all 
win-loss-win sequences was calculated. The 
percentage of increase in speed data are 
shown on the right side of Fig. 2. The data 
suggest that Ss tended to be slower in their 
initial speed after having just won a race. 
and the effect is greatest for Ss in the low- 
challenge condition. The speed change scores 
for the W,, and W,, groups indicate that 
the Ss responded faster after having just 
lost a race. The effect is greatest for Ss in 
the Wao group and for Ss in the low-chal- 
lenge conditions. 

The data associated with the percentages 
for the W,, and W,,, groups as shown in 
Fig. 2 were submitted to analvsis of variance. 
No main or interaction effects were reliable 
(p.10). The data associated with the 
percentages for the 50% and 90% groups 
were also submitted to analvsis of variance. 
The analysis indicates а significant main 
effect of challenge, F (1, 36) 2 413, p< 
05). No other main or interaction effects 
were reliable (А  .10). 
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Attitude measures—The Ss were asked 
whether they would want the same O if they 
were to serve again as S; and given that 
they had another opportunity to play against 
the same О, would they win? The first ques- 
tion was scored on a 0—3 scale, with О rep- 
resenting “would not want the same oppo- 
nent” and 3 representing "ves, would want 
the same opponent." The Os in the W., 
groups were considered most attractive for 
future competitors (X — 2.45), followed by 
Os who characteristically lost (W,,, X = 
1.95), while highly successful Os (Wa. X = 
.85) were least attractive. Analysis of vari- 
ance of the previous data indicated a signifi- 
cant main effect of percentage of win, F (2, 
54) = 10.05, р < .01). Results of the sec- 
ond question indicated that Ss believed they 
would almost surely win against a previously 
unsuccessful О (W,,, X = 95 out of 1.0) 
and would almost surely lose against a previ- 
ously successful О (W, ¥=.15). The 
ratings for the W,, group were commensu- 
rate with experience (X = .65). The data 
for Question 2 were submitted to analysis of 
variance, which indicated a significant main 
effect of percentage of win, F (2, 54) — 
22.34, p « .01. 

The scale designed to obtain S's “best 
guess" about his O consisted of 14 six-point 
scales, where 6 represented the most favor- 
able attribute (e.g., reputable, sociable, 
friendly, honest, wise, good, etc.). The val- 
ues for the 14 scales were totaled and sub- 
mitted to analysis of variance. The data 
indicate a marginal main effect of challenge 
and a significant Percentage of Wins x 
Challenge interaction, F (2, 54) = 5.38, 
p < .01. High-challenge Os (X = 586) 
tended to be more favorably evaluated than 
low-challenge Os (X = 54.2). Application 
of the Duncan multiple-range test indicated 
that the difference in Ss’ evaluations of O in 
conditions W,, and W,, was not significantly 
more favorable for the high-challenge Os 
(p > 10), whereas for the W,, Ss, high. 
challenge (X = 67.3) Os were significantly 
more favorably evaluated than low-challenge 
(X 251.1) Os (р < 01). Low-challenge 
Os in the W;, condition were most unfavor- 


ably evaluated, whereas W,, high-challenge 
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Os were the most favorably evaluated of all 
groups. 


Discussion 


The notions of the “neck and neck” race and 
one runner “breathing down the neck” of an- 
other runner suggest that high challenge should 
give rise to faster performance than low chal- 
lenge. The data indicate, however, that al- 
though attenuated by degree of challenge, fre- 
quency of defeat is the principal factor 
contributing to slower performance. ‘The ef- 
fects of challenge are reflected in the speed 
change data; Ss have a tendency to slow down 
after winning a race and speed up after losing 
a race. This effect is most pronounced, how- 
ever, under low challenge conditions. This 
would indicate that the effects of victory or 
defeat are considerably greater when the lead 
or lag margin is great (low challenge) than 
when it is narrow (high challenge), 

The attitude data also reflect the interaction 
of the reinforcing properties of winning and 
the stimulating properties of high challenge. 
The Ss tended to evaluate more favorably Os 
they had beaten than highly victorious Os, 
which is in agreement with the notion that 
reinforcement affects interpersonal attitudes 
(Zajonc & Marin, 1967). This general tend- 
ency again is attenuated by challenge in that 
Ss tend to most favorably evaluate Os who are 
never far ahead or behind (ie, “give them а 
good race"). Further support for the “good 
opponent" notion is the fact that the most 
favorably evaluated of all Os were those in the 
We high-challenge condition, which is the 
condition created to simulate perfectly matched 
contestants. 
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POSITIVE CONTRAST EFECTS AS A FUNCTI 


OF METHOD OF INCENTIVE PRESENTATION ! 


C. RICHARD CHAPMAN 


axp JOSEPH HALPERN ° 


University of Denver 


Incentive contrast phenomena were investigated by varying method oí incen- 
tive presentation. The typical within-S design was modified to permit Ss 
the choice of the incentive magnitude on every trial. This procedure resulted 
in a positive contrast effect. Analyses oí the first-order conditional response 
probabilities provided support for traditional reinforcement interpretations of 
choice behavior in opposition to the results of other similar studies, 


Recent research has provided evidence to 
suggest that incentive contrast effects (CEs) 
are remarkably reliable with both human 
(e.g., Schnorr & Myers, 1967) and animal 
Ss (Black, 1968). Such research shows that 
Ss experiencing single incentive magnitudes 
(absolute method or between-S design) per- 
form at similar levels, while Ss experiencing 
two different magnitudes (differential 
method or within-S design) evidence the fa- 
miliar negative contrast effect (NCE). The 
NCE is defined as significantly poorer per- 
formance to the lower of two paired incen- 
tive magnitudes as compared to performance 
to that same magnitude with an absolute de- 
sign. Interestingly, the positive contrast ef- 
fect (PCE), defined as significantly better 
performance to the higher of two magnitudes 
as compared to between-S performance to 
that same magnitude, has never been ob- 
tained with human Ss, and Black has shown 
that it is rarely found with animals. 

Although comparable CEs are found in 
both human and animal learning research, 
there has been no attempt to deal with the 
phenomenon in terms of the similarities and 
differences between the animal and human 
learning paradigms. The most typical 
methodology for the study of CEs with hu- 
man Ss involves the use of a probability 
learning paradigm where within-S incentive 
magnitudes are presented in random order 
and Ss experience an equal number of trials 
with each of the two incentives. This ran- 


1 This research was supported by National Insti- 
tute of Mental Health Grant MH 14102-01. 

? Requests for reprints should be sent to Joseph 
Halpern, Department of Psychology, University of 
Denver, University Park, Denver, Colorado 80210. 


dom alternation (RA) paradigm is analogous 
to the animal learning paradigm where two 
runways are used (Bower, 1961). In the 
free-responding T-maze situation, however, 
animal Ss are free to choose between the 
more favorable and less favorable alterna- 
tives on any given trial. No human learning 
studies have provided Ss with the freedom 
to choose between levels of incentive mag- 
nitudes. 

The purpose of the present study was to 
compare Ss experiencing RA and free choice 
(FC) probability learning paradigms with 
monetary incentives. In order to determine 
whether performance in the FC situation was 
due to the S-controlled sequential distribution 
of incentive levels or to the actual “freedom 
of choice" of these levels, a matched con- 
trol (MC) condition was employed. Thus. 
for every S in the FC condition, an MC 5 
was run who experienced sequential incen- 
tive choices identical to those made by $5 
under the FC conditions. 


METHOD 


Subjects Тһе Ss were 120 University of Den- 
ver undergraduate volunteers randomly distribute 
into 12 groups of 10 Ss each. " 

Design—Groups were distinguished on the basis 
of level of incentive (14, 3¢, or 56), incentive col” 
text (between-S or within-S), and nature of tas* 
(RA, FC, or MC). Groups Blé, B3é, and B5 
were between-S groups with cach 5 experiencing 
only the indicated level of incentive. Groups R^ 
(1 and 3), RA(1 and 5), and RA(3 and 5) е^ 
perienced the paired combinations of incentives " 
a within-S context where each incentive occurte! 
with equal frequency in random order. Groupe 
FC(1 and 3), FC(l and 5), and FC(3 and 5? 
were also run in a differential context, but WÊ 
free to choose between the two incentives ОП + 
trials. The remaining three groups, MC(1 and 3) 
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MC(1 and 5), and MC(3 and 5), were matched 
controls where order of the choice of incentive for 
апу 5 was determined by the incentive choices 
made by a corresponding S in the FC groups. 
Procedure—Each S was presented with a deck 
or decks of playing cards and was required to 
Predict whether the nonvisible side contained a 
dot or a bar. The dot was the more frequent event 
for half of the Ss in each group and the bar for 
the other half. The visible side of the card was 
Stamped with either "lé," "36," or By indicating 
the amount that would be won or lost on that trial. 
ecks were constructed of 60 cards and were 
shufed and reshuffled in full view of S both prior 
to the first block of trials (60 cards) and for all 
Subsequent blocks for a total of 480 trials. АП 
ecks were constructed so that the probability of the 
More frequent event, P(E:) or т, was .60 for all 
blocks of trials. | К 
The Ss in the В groups were provided with Я: 
Single deck of 60 cards with the same incentive on 
every card, while Ss іп the RA groups were pro- 
Vided with a single deck of 60 cards in which each 
incentive magnitude occurred with equal frequency. 
Toups run under the FC condition experienced two 
decks of 60 cards each, with incentive levels con- 
Stant within decks but different between decks, and 
Were instructed that they could play with either 
deck on any trial. A deck was reshufiled only 
after it had been exhausted. The MC Ss also 
encountered two decks, but unlike the FC Ss, they 
Were instructed which deck to play on all trials. 
In all cases, choice of incentive level was identical 
to the sequential incentive choice structure of an 
FCS. T 
The Ss were instructed that all winnings (chips) 
would be exchanged for cash at the end of the 
experiment. Chips were color-coded as to value. 


RESULTS AND DISCUSSION 


Proportion choice of the more frequent 
event, P(A,), in blocks of 60 trials for the 
between-S groups is given in Fig. 1. The 
figure shows typical learning for all of these 
groups. The last 120 trials were character- 
ed by uniformly small between-S variance, 
and the P(A,)s for these terminal blocks 
Were, as expected, virtually identical. In 
“ct, the P(A,) values were quite similar to 
t Ose found in other studies using be- 
oe methodology and т = 60 (Hal- 

re Schwartz, & Chapman, 1968). — 
ang е 2 gives the P(A,) for the higher 
P(A 9wer incentive members, P(^)n and 
groun 1, respectively, for the remaining 
first P in blocks of 60 trials. Considering 
stabit RA groups, a good measure of 
üst ah and low variance prevailed over the 

79 trials. Although the P(A,), for 
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Vic. 1. Proportion of А, responses in blocks of 


60 trials for all between-S groups. 


Group RA (1 and 5) was somewhat greater 
than P(A,)x for the other two groups, dif- 
ferences were not significant. Consequently, 
D (A,)i means for the three RA groups were 
combined. A comparison between this com- 
bined RA mean and the combined mean of 
the between-S groups was significant? t (27) 
= 3.26, p < .01. The P(.^,) n mean for the 
three groups was 715, a value extremely 
close to the combined mean of the between-S 
groups. These results, then, were entirely 
consistent with data provided by other in- 
vestigations of CEs in human probability 
learning in demonstrating a significant NCE 
with no accompanying PCE. 

The P(A,) points for the FC groups are 
plotted in blocks of 60 trials in the middle 
section of Fig. 2. There was some difficulty 
with the Р(А,)т, values for the later trial 
blocks since these were based on a smaller 
sample. Approximately half of the Ss in 
cach group did not choose the lower incentive 
during the last 120 trials and the remaining 
Ss chose it less frequently than they did the 
higher incentive member. The combined 
mean P(A,)i however, was significantly 
lower than the mean of the between-S groups, 
t(14) = 3.09, 5 «.01. Choice behavior 
contributing to P(.^,)g, however, was quite 
stable over the last trial block. The com- 
bined mean P(.^,)n for the FC groups was 
significantly greater than the combined mean 

3 Because of repeated use of the between-S means, 
the degrees of freedom for this and subsequent com- 
parisons involving these means were reduced by 


the between-S degrees of freedom in an attempt 
to provide conservative tests. 
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Fic. 2. Proportion of A; responses in blocks of 
60 trials for the RA, FC, and MC groups. 


P(A,) for the between-S groups, t (27) = 
3.19, p < .01. This “elation” effect is the 
first demonstration of the PCE with human 
Ss: 

The demonstration of a PCE in the FC 
situation is consistent with a contextual in- 
terpretation of incentive contrast such as 
that provided by an adaptation level theory 
(Helson, 1964). Such a theory does not, 
however, account for the consistent finding 
of an NCE with no corresponding PCE when 
an RA paradigm is employed. This sug- 
gests that some characteristic of the RA 
paradigm may possibly be obscuring a PCE 
that is extant in human Probability learning, 

Another finding requiring some comment 
concerns S’s choices of the lower incentive 
member on later trials. This may appear 
to be a particularly illogical strategy. How- 
ever, it will be noted that boredom is likely 
to be generated by the task. There is some 
evidence to suggest that Ss relieve such 
boredom by engaging in nonoptimal re- 
sponse strategies (Halpern & Dengler, 1969), 
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It follows that boredom could be relieved in 
the FC situation by choice of the nonoptimal 
alternative deck. 

The trial block means for the MC groups 
are plotted in the bottom section of Fig. 2. 
The usefulness of these data is limited be- 
cause of a lack of stability and high variance. 
Further, considering the last trial block, the 
data are inconsistent with the results of other 
studies. This large variance and lack of 
consistency often characterize such yoked- 
control designs. The results do imply, how- 
ever, that the particular sequential structure 
of the incentives was not the cause of the 
PCE. 

In view of the data reported by Schnorr 
and Myers (1967), it is appropriate to de- 
termine the nature of the first-order condi- 
tional statistics. Most mathematical theories 
of choice behavior containing reinforcement 
assumptions (e.g., Estes, 1959) assume in- 
crements in the probability of a given re- 
sponse following reinforcement of that re- 
sponse and decrements following nonrein- 
forcement of that response. The probability 
of making an A, response on Trial n, P (Arn) 
may be expressed as a function of the re- 
sponse and event combination on Trial n — 1, 
Ain—1Ejn-1; Lj = 1,2. The theories require 
that P(Ai) be greatest following ап AyE1 
trial and lowest following АЕ. Values of 
P(A;) following AEs and АЕ, trials are 
predicted to lie between the former limiting 
values. While this reinforcement rank or- 
dering is typically obtained from between- 
designs, Schnorr and Myers and Lipkin 
(1968) have reported first-order conditiona! 
statistics, with within-S designs, that do not 
conform to the reinforcement predicted rank- 
ings. Similar conditional statistics have 
been reported by Halpern and Moore (1967) 
in a probability learning study with auditory 
cues. These results have led to the generali- 
zation that the traditional concepts of rein" 
forcement are not adequate for probability 
learning tasks with differential cues. | 

Table 1 gives these first-order condition? 
statistics for the between-S groups for th 
last 120 trials. The conditionals are ex 
pressed in the form P(A 4| Aus 1з)’ 
ij = L2. The data show the expected rei? 
forcement rank ordering for all groups 4” 
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are consistent with other findings. Table 2 
gives the first-order conditionals for the re- 
maining groups over the last 120 trials. In 
this case, the conditionals are written in the 
form P(Ajsn|Tignlmn—1Aun—1Eyn—1)» Where 
I refers to incentive level, і.е., k,m = low, 
high. Considering first the data for the RA 
groups, for those cases where the sequential 
incentive presentation was invariant, e.g. 
k= m, the reinforcement rank ordering was 
demonstrated in four of the six cases. The 
conditionals for the switched incentive levels 
Were also consonant with reinforcement pre- 
dictions in four of six cases. Conditionals 
for the FC groups support reinforcement 


TABLE 1 
FIRST-ORDER CONDITIONAL STATISTICS FOR 


ALL BETWEEN-S GROUPS 
(Last 120 TRIALS) 


Incentive 
Acsi Епа 
1 3¢ Sé 
11 -1767 .7580 .7919 
12 .7090 .6235 -6725 
21 .5628 .7397 .7525 
22 4793 5478 5255 


predictions in five of six instances (frequen- 
cies for the switched incentive levels were 
insufficient for meaningful comparisons). 


TABLE 2 


р -OnpER CONDITIONAL STATISTICS FOR ALL WirHIN-S GROUPS 
тинен (Last 120 Trials) 


Incentive 
Cond, Ds Тата Aini Enel 
land 3 land 5 3and 5 
L jf 1 1 .8000 .7426 .7064 
sa D VY i 2 6818 17031 15038 
1, L 2 1 4762 -8000 .5000 
L L 2 2 .3696 .4681 .4600 
H H 1 1 .8770 .8264 .7304 
H H 1 2 7778 .7253 .6269 
H H 2 1 .6038 5536 .5493 
H H 2 2 3889 .6512 4889 
L H 1 1 .6767 35221 .7143 
L H 1 2 .6364 .7308 .5287 
L H 2 1 ‚6739 .7872 6481 
M H 2 2 .5349 .6970 .4186 
H L 1 1 .7168 .7248 .7000 
H L 1 2 .6026 .6629 .6842 
H L 2 1 .7846 .6949 .6620 
H Е 2 2 .4615 .5833 .5652 
FC ү, ls 1 1 .6042 .6515 .8321 
L L 1 2 .7027 .3500 NUT] 
ia L 2 1 -1667 .5690 .5000 
L L 2 2 .6667 .2500 4412 
н 1 1 .8424 .8535 .8681 
n H 1 2 .7709 8185 ‚7725 
H H 2 1 .7059 .5238 .4828 
H H 2 2 .4396 .4752 .2899 
MC Е 1 1 .7455 .8082 14. 
Lt fF i 3 "7500 15370 “Gis 
L Ї; 2 1 ‚6842 .6400 6949 
Б L 2 2 .6667 4074 4419 
H H 1 1 8574 7053 7482 
H H 1 3 7583 .6250 .6171 
H H 2 1 6412 6054 7414 
H H 3 3 .6667 5172 5158 


on 


Finally, the MC condition provided four of 
six  conditionals showing reinforcement 
rankings. Thus, despite varying methods 
of incentive presentation, the data show a 
good deal of consistency in the rankings of 
the first-order conditional response prob- 
abilities in that 17 of the 24 groups were in 
the predicted order. Considering the fact 
that the number of outcomes favorable to the 
reinforcement prediction is 2. while the 
total number of possible rankings is 24, then 
finding 17 such favorable outcomes of 24 
four-tuples would be expected to occur by 
chance with a probability considerably less 
than .01. This finding is especially note- 
worthy with respect to the rankings reported 
by Schnorr and Myers (1967) and Lipkin 
(1968), who used very similar methodology 
and found the reinforcement rank ordering 
to prevail in surprisingly few instances. 
The only readily apparent difference in 
methodology between the present experi- 
ment and that of Schnorr and Myers (1967) 
and Lipkin (1968) was the size of the block 
over which events were randomized. While 
the present study randomized over blocks 
of 60 trials, previous research used blocks 
of 90 or greater. While it may seem un- 
likely that the difference in results can be 
attributed to the size of the trial blocks, 
there is some evidence to support such a 
notion. Jones and Myers (1966) report 
that randomization over shorter trial blocks 
results in fewer long runs of homogeneous 
events. There is a good deal of evidence to 
suggest that long runs of such homogeneous 
events provide stimulus properties of their 
own. In such cases, Ss’ choice behavior 
tends to follow runs of events with a sub- 
sequent decreased effect of any single event 
outcome. An additional effect of shorter 
trial blocks is that Ss have the opportunity 
to observe the deck shuffled more frequently. 
Peterson and Ulehla (1965) have demon- 
strated that negative recency is decreased 
when Ss are involved in a task where they 
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believe that event outcomes are random, i.e., 
they are less likely to look for patterns. Fi- 
nally, smaller decks of cards make it easier 
for the S to learn P(E), resulting in more 
stable behavior earlier in training. АП of 
the aforementioned show that shorter trial 
blocks would tend to reduce the effects of 
extraneous variables that might serve to re- 
duce the effectiveness of the event outcome as 
a reinforcer. 
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USE OF RESPONSE TIMES TO EVALUATE STRATEGIES 
OF INFORMATION SEEKING? 


GORDON F. PITZ? 


Southern Illinois University 


In a deferred decision-making task, the time taken by Ss to request informa- 


tion was examined as a 


function of 


three parameters that define three 


possible strategies of information seeking. Response times | were slower as 
the amount of information purchased approached the terminal sample size, 
but there were no effects as a function of other parameters. The data suggest 
that only sample size determines Ss' stopping strategies, which conflicts with 
results found here and in other studies when the three strategies were tested 


directly. 


It has long been recognized that the time 
taken to make a response can be a valuable 
indicator of hypothetical processes that may 
Precede the response. The use of response 
times to give information about decision-mak- 
ing processes has a history that begins 
With the work of Donders (Boring, 1950, 
Ch. 8), and its present state is exem- 
plified by the recent work of Posner and 
Mitchell (1967). In most of this work, 
Ss have been instructed to give their re- 
sponse as rapidly as possible; however, one 
may also examine response speed when Ss 
are not aware of its measurement, as was 
done, e.g., by Birch (1964). This technique 
was employed with success in a study of de- 
cision making and the revision of opinion by 
Geller and Pitz (1968), who found a high 
correlation between the speed with which a 
decision was made and the objective prob- 
ability that the decision would be correct. 
This finding is not surprising if one assumes 
that the higher the probability of being cor- 
rect, the easier a decision is to make, and 
that the easier the decision, the faster it is 
Made. Nevertheless, the result does suggest 
ч Variety of useful applications of response 
time measurement. 
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In many decision-making tasks, S may 
have the option of deferring his decision un- 
til he has purchased. additional information. 
This task is referred to in statistical decision 
theory as “deferred decision making" ог 
"optional stopping," and it has recently re- 
ceived experimental investigation. In par- 
ticular, papers by Pitz (1968) and by Pitz. 
Reinhold, and Geller (1969) examined 
the stopping strategies employed by Ss in 
seeking additional information in a simple 
deferred decision-making task. The task is 
one in which Ss must make one of two de- 
cisions on the basis of relevant but unreliable 
information. Suppose that each item of in- 
formation predicts the correct decision with 
a fixed probability P; if successive items of 
information are conditionally independent, 
one may increase the probability of making 
a correct decision by purchasing additional 
items. The task for Ss is to balance this in- 
creased probability of being correct against 
the increasing cost of the additional informa- 
tion. When the cost of each item is a con- 
stant, the optimal stopping strategy 
purchase information until the 
between the number of event 
Decision 1 and the number of events pre- 
dicting Decision 2 reaches some critical value 
since the probability of being correct 
function only of this difference. 

In fact, 5s rarely, 


is to 
difference 
s predicting 


is a 
if ever, use the critical 
difference strategy. This stopping strategy 
and two others were tested as models of be- 
havior by Pitz et al. (1969). A second 
fixed-sample-size Strategy, assumes that the 
amount of information to be purchased is 


—— One example of random wok 
—v+— Possible boundary used by $s 


Fic. 1. A representation of the three possible 
stopping strategies that have been tested and the 
type of boundary that Ss appear to employ. (In the 
example shown, d: is 3, m is 7, sm is 5, and 
hi is 2.) 


fixed beforehand, and a third, referred to as 
a “World Series" strategy, involves the prior 
specification of a fixed sample size with 
sampling terminated as soon as the number 
of events of one kind grows so large that the 
eventual decision would not be changed. 
(This is the procedure used to determine 
the winner of a World Series.) 

These three strategies and the models 
based on them are described in more detail 
by Pitz et al. (1969). They may be 
compared by considering a sequence of in- 
formative events as describing a random 
process as shown in Fig. 1. The difference 
between the two kinds of events, d, and the 
total sample size, n, form orthogonal dimen- 
sions of a random process, the values of d 
describing a random walk as л increases. 
The point at which a decision is made will 
be indicated by the values m and й. Al- 
ternatively, one may describe the process by 
reference to the more frequent number of 
events, m, and the less frequent number of 
events, k. The values of m and k may be 
derived from л and d by the following equa- 
tions: 

m= (n+d)/2; 


k = (п — d)y2. 


These two parameters form a pair of ortho- 
gonal dimensions at 45° to the dimensions n 
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and d, with a stopping point represented by 
т. and A, The three strategies may be rep- 
resented by absorbing boundaries for the ran- 
dom walk, a critical difference strategy in- 
corporating a boundary parallel to the n di- 
mension, a fixed-sample-size strategy having 
a boundary parallel to the d dimension, and 
the World Series strategy having a boundary 
parallel to the k dimension. The precise lo- 
cation of the boundary in each case is defined 
by critical values of d, n, and тл, respectively. 

TThe findings of Pitz et al. (1969) sug- 
gested that among the three strategies, the 
World Series strategy came closest to de- 
scribing behavior. There were, however, 
significant departures from this model. A 
model that would best describe S’s behavior 
is one that specifies an absorbing boundary 
defined by a value of d that is a positively 
accelerated decreasing function of ». For 
example, Ss may adopt a critical difference 
strategy up to a certain point, then switch 
to a World Series or to a fixed-sample-size 
strategy. Such a model would require a 
joint specification of a critical d and critical 
m or critical d and critical п. Regardless of 
the exact form of this boundary, it must 
certainly be a joint function of d (and hence 
of the probability of making a correct de- 
cision) and of the sample size. 

Each request for information in a de- 
ferred decision task may be thought of as a 
decision in itself, i.e., a decision whether or 
not to buy more information. The basic as- 
sumption in the present study was that this 
decision becomes more difficult as the ran- 
dom walk approaches the absorbing boun- 
dary that defines S's strategy. Consequently, 
it was expected that each request for in- 
formation would take longer as the random 
walk approached the boundary. By plotting 
response speeds as a function of d, n, and m, 
it should be possible to determine to what 
extent these parameters are relevant in de- 
fining for S his absorbing boundary. 


МЕтнор 


Task.—The nature of the task may be made clear 
by a paraphrasing of the instructions given to $S- 
They were told to predict the effectiveness of 4 
complex mechanism involved in a rocket system 
on the basis of tests of a large number of indi- 
vidual components. The two hypotheses were that 


RESPONSE TIMES IN INFORMATION-SEEKING STRATEGIES 55 


the mechanism would operate successfully (Hi) or 
that it would fail (Hz). They were told that on 
the basis of past experience it was equally likely 
that a given mechanism would succeed or fail; in 
other words, the prior probability of success was .5. 
Further, it was known that in a successful mecha- 
nism, the proportion of individual components that 
would turn out to be "good" when tested was Р, 
whereas in an unsuccessful one, P was the propor- 
tion of components that would test "bad." Each 
mechanism was assumed to consist of an essentially 
infinite number of individual components. Hence, 
cach test would predict the eventual success Or 
failure of the mechanism with probability P. үл 

If a sequence of л tests was made, the probability 
of success would be a function of the difference 
between good tests and bad tests. The value of 
P, which may be thought of as the diagnosticity of 
à single datum, was varied between groups and 
was either .б, .7, or .8. А test of a single com- 
Ponent cost $1.00, and Ss could perform as many 
tests as they wished before making a decision. If 
they correctly predicted the performance of the 
mechanism, they earned $100.00; but otherwise 
they lost $100.00. 

Procedurc.—Sequences of events were generated 
by a solid state device programmed according to 
the probabilities specified by the task. Tests were 
made by depressing a lever on the box in front of 
Ss, and the results of the tests were shown bya red 
light (good test) or blue light (bad test). In addi- 
tion, counters registered the total number of good 
and bad tests and were automatically reset follow- 
ing each decision. (In a pilot study, eliminating 
these counters was found to destroy the relation- 
ship between response speeds and other parameters 
that is described subsequently.) Decisions were 
made by pressing one of two buttons, and the 
success or failure of a mechanism was indicated by 
one of two lights. By using the buttons to define 
the columns of a matrix and the lights to define the 
rows, a 2 x2 payoff matrix was displayed. The 
matrix showed $100.00 in the cells on the main 
diagonal and —$100.00 in the off-diagonal cells. 
An add-subtract counter registered the cumulative 
Payoffs, while a second counter registered the total 
number of tests. The difference between the latter 
two counters indicated to Ss their earnings at any 
given time. Each $ made approximately 100 deci- 
sions in one session of 45 min. 

The sequence of events and Ss’ responses were 
recorded automatically. In addition, response times 
Were recorded by three 4-bit binary counters (BRS 
Electronics BC-201) pulsed by а multivibrator 

BRS Electronics MV-206). The multivibrator 
Was started following the offset of the light that 
ad indicated the previous event and was stopped 
Y Ss’ making either a decision or a request for 
More information. The response time, together 
With information concerning the event itself, was 
read out on punched paper tape. The time was Te 
Corded in units of approximately .02 sec; the 
multivibrator was not calibrated exactly since only 
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relative response times were relevant, but it was 
found to have a repeat accuracy better than 196. 
At no time were Ss informed that speed of response 
was being recorded or was important. 

Subjects and design.—Three groups of 20 Ss 
each were employed. Only those Ss who generally 
purchased at least six items of information per 
decision were used for the data analysis, which 
reduced the groups to 13 Ss each. The three 
groups were given tasks with values of P set at .6, 
7, or 8. All Ss were male volunteers from an 
introductory psychology course who received partial 
credit for their participation. They were also told 
that they would receive payment in proportion to 
their performance in the task, and relative to the 
performance of other Ss. The average rate of pay 
would be $1.50 for a 45-min. session. In fact, to 
avoid legal problems, all Ss were later paid $1.70 
after completion of the entire study. 


RESULTS 


The three strategies of information-seek- 
ing behavior that were described briefly in 
the introduction were tested by the proce- 
dure described by Pitz et al. (1969). 
The critical difference strategy was tested 
as a model of behavior by computing the 
average terminal sample size, эң, conditional 
on the difference at which a decision was 
made, d The fixed-sample-size strategy 
was evaluated by computing the average val- 
ues of d, given m, and the World Series 
strategy by computing average values of ki 
given n. These three conditional averages 
were compared with the conditional expected 
values predicted by the appropriate model. 
The results for all three groups were es- 
sentially the same as those reported by Pitz 
et al. The best fit to the data was provided 
by the World Series strategy, but there were 
significant departures from this model as 
well as from the other two. The most ap- 
propriate description of Ss' information- 
seeking strategies would be an absorbing 
boundary, such as that in Fig. 1, described 
by a value of d that decreases as a positively 
accelerated function of n. 

The speed with which Ss requested each 
item of information was examined as a func- 
tion of the values taken by л and d prior to 


the information request. The analysis was 


performed by using as independent variables 
the difference between the three parameters 
п, d, and m and their terminal values, n, d, 
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ic. 2. Response speeds as a joint function 


of nc = n and d. — d. 


and m; ie, response speeds were deter- 
mined as a function of the distance of each 
parameter from the stopping point. Only 
trials on which at least six items of in- 
formation were purchased were included in 
the analysis. The average response speeds 
for each value of the dependent variable for 
each S were subjected to three analyses of 
variance. The first analysis was performed 
for n — n for values of 1 through 5, the 
second for d, — d with values of —1 through 
3, and the third for m, — m with values of 
O through 4. Significant effects were found 
for both n and m, F (4, 144) — 9.13 and 
88.54, respectively; there was no effect as a 
function of d (F < 1), however. There were 
no significant interactions with groups, im- 
plying that the results were quite similar for 
all values of Р. Tn other words, Ss did in- 
deed slow down as they approached the 
stopping point, both in terms of and m, but 
not in terms of d. 

These results by themselves do not offer 
clear-cut evidence of the stopping strategy 
employed by Ss. The reason is that there 
is inevitably a correlation between the val- 
ues of n, d, and m; i.e., as any one grows 
larger, so, on the average, will the others. 
Figure 2 shows response speed as a joint 
function of s — and d|— d. It is ap- 
parent that response speeds tended to de- 
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crease as the sample size approached жү, re- 
gardless of the value of d. Further, the value 
of d itself had no systematic effect on re- 
sponse speeds. The same data may be used 
to determine response speeds as a joint func- 
tion of л, — п and m, —31 since m, — m 
may be obtained from л; — п and d, — d as 
follows: 


n — ntd — d 
5 Я 


mM, т = 


Using this method of replotting the data of 
Fig. 2, response speeds decreased as a func- 
tion of » independently of the value of m, and 
the value of тл itself was irrelevant. In other 
words, the significant effect of m observed 
in the analysis of variance was apparently an 
artifact of the correlation between m and n. 

As an indication of the overall effect of 
sample size on the speed of response, Fig. 2 
is rather misleading. In any one sequence 
of events, as л approaches m, the value of di 
— d is changing. Since it appears that the 
effect of n was the only relevant one in the 
present study, the average speed of response 
as a function of sample size only is shown in 
Fig. 3. Further analvsis of these data 
showed that the linear trend was clearly the 
dominant one; when compared with total 
deviations from linearity, the linear effect 
gave F (1, 147) = 237. In addition, aver- 
age speeds were computed separately for val- 
ues of т — п for all values of ; greater 
than one. In all cases, response speeds de- 


creased as n approached 1, except for m = 
? 
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Fic. 3. Average response speeds as a 
function of n, — n. 
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Discussion 


To some extent, the present study failed to 
substantiate the hypotheses of the introduction 
in that no effect of d or m on response speeds 
was observed. Furthermore, the statistically 
significant effect of sample size was not im- 
Pressive in absolute terms. The effect of л in 
the analysis of variance accounted for only 
17% of the within-S variance. However, it 
should be pointed out that the degree ot control 
Over S's’ response times was not great. They 
Were not informed that times were being re- 
corded, and one could not control well for any 
extraneous behavior in which they might have 
engaged. Inevitably, the error variance in this 
kind of study is large. | 

If the assumptions given in the introduction 
are accepted, the implication of the results is 
that the sample size is the only relevant 
Parameter in determining when S will stop 
buying information. There are a number of 
Problems with accepting this conclusion, how- 
ever. It is unlikely that Ss employed a strict 
fixed-sample-size strategy. Гог one thing, the 
results of Pitz (1968), Pitz et al. (1969), 
ànd of the present experiment indicate that the 
Average d, given any terminal sample size n 
Was not predicted by the _fixed-sample-size 
Strategy. Second, if Ss do indeed specify in 
advance the sample size that they will purchase, 
there is no reason why they should slow down 
as they approach the end of the sample. The 
results suggest, rather, that as the sample size 
grows larger, Ss find it more and more difficult 
to buy more information. 

It appears, then, that the results of direct 
tests of the three models and of the examination 
of response times are in some conflict. The 
direct tests have always suggested that Ss’ 

‚ Stopping strategies are a joint function of the 
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difference (1.е., of the probability of making a 
correct decision) and of the sample size. The 
response times indicate that information is re- 
quested more slowly as the sample size ap- 
proaches a critical л, but that this change in 
speed of response is not a function of d. It 
may be possible to resolve this conflict by sug- 
gesting a two-stage decision process in the pur- 
chase of information: one stage may involve a 
judgment of the probability of being correct, 
while the second consists of an evaluation of 
the money already spent for information, rela- 
tive to some criterion. The changes in re- 
sponse times found in this study may reflect 
the second stage of the proc but not the first, 
but why this should be so is not clear. The 
large error variance may possibly have ob- 
scured any effects at the first stage. 
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TEMPORAL AND SYMBOLIC S-R COMPATIBILITY IN A SEQUENTIAL 


INFORMATION-PROCESSING TASK? 


RICHARD P. LzMAY anp J. RICHARD SIMON? 


University of lowa 
The present study was concerned with speed of 


manipulated were order of presentation oí the bits, 


responding to 2 bits of 
information presented sequentially from a single visual display. 
coding of the bits, and 


Variables 


interval between the bits. 


or green). The "rule" 
sponded to the “data” 
time (RT) was faster 
preceded the rule. 
ing responses, and the 550-msec. 


faster responses than the 225-msec. ISI. 


The present experiment was designed to study 
speed of responding to 2 bits of information 
presented sequentially from a single visual display. 
Variables manipulated were order of presentation 
of the bits, coding of the bits, and interval between 
the bits. The S's task was to press one oí two 
buttons, labeled 0 and 1, after viewing a sequence 
of two temporally separated binary stimuli. One 
stimulus, the so-called “data,” was a symbol, either 
0 or 1 (corresponding to the labels on the buttons). 
The other stimulus was a color, either red or green, 
which specified the “rule” governing the response; 
Le, either press the button corresponding to the 
data symbol or press the noncorresponding button. 
A correct response, then, required processing the 
information in both stimuli. The task resembled 
one used by Simon (1968) in that two stimuli were 
presented sequentially. It differed, however, in 
that the data stimuli were presented from a single 
source, thus eliminating the spatial S-R compati- 
bility feature of the earlier study. 

The variable of major concern was the order of 
presentation of the two stimuli. It is well estab- 
lished that reaction time (RT) is related to the 
amount of information transmitted (Fitts & Pos- 
ner, 1967). Using information theory terminology, 
each of the two stimuli, the data and the rule, 
contained 1 bit of information? Changing the 
order of presentation does not alter the total 
amount of information transmitted 
and, so, might not be expected to affect the speed 
of information processing, 
ment, however, it was hypothesized that RT would 
be significantly faster when 


1 This paper is based on a thesis completed by the first 
author under the direction of the second author and ШЕН 
to the University of Iowa in partial fulfillment of the require- 
ments of the MS degree. 
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з The amount of information is measured by the logarithm, 
to the base 2, of the number of equiprobable alternatives, 


The Ss pressed one of two 
1) after viewing both a “data” stimulus (0 or 1) anda 
specified whether to press the button 
stimulus or the noncorresponding button. 

when the rule preceded the data than when 
Corresponding responses were faster than noncorrespond- 
interstimulus interval (ISI) resulted in 


buttons (labeled 0 and 
“rule” stimulus (red 
which corre- 
Reaction 
the data 


data than when the data preceded the rule. The 
hypothesis was based on the expectation that 
processing the rule before the data would conform 
with the population stereotype and that altering the 
order of presentation would affect “temporal S-R 
compatibility.” 

The present study was also concerned with the 
effect of S-R coding on the speed of information 
Processing. Half of the trials involved pressing 
the button labeled the same as the data stimulus, 
whereas the other half involved pressing the button 
which was not labeled the same as the data stimu- 
lus. It was hypothesized that RT would be sig- 
nificantly faster when stimulus and response codes 
corresponded than when they did not. Thus, S-R 
coding can be considered as affecting “symbolic 
S-R compatibility,” 

Another variable manipulated was the time in- 
terval between the two stimuli. The response to 
two closely spaced sequential stimuli has been the 
subject of considerable research during the past 
20 yr. (Bertelson, 1966). There is general agree- 
ment on the existence of a Psychological refractory 
period (PRP) which is the minimum interstimulus 
interval (ISI) beyond which further shortening 
produces a delay in responding to the second stimu- 
lus. The typical PRP study focuses on the effect 
of length of the ISI on RT to the second stimulus 
in a task which requires overt responses to both 
stimuli. The present task was atypical in that 
only one response was required to two sequential 
stimuli. Two ISIs were used: 225 msec. and 550 
msec. It was predicted that RT would be longer 
with the 225-msec. ISI than with the 550-msec- 
ISI since the former was probably within the 
PRP. The major concern was not with the effect 
of ISI as such but rather with the possible inter- 
actions between ISI and order of presentation an 
between ISI and S-R coding. 


In a study bearing some resemblance to tht 
present one, Davis (1967) manipulated the orde" 


558 


of presentation of a “cue” and a “data” signal. 
The cue stipulated which one of the two dimensions 
of the data signal was relevant. When the cue 
Was presented first, the results fit the notion of 
Sequential processing. When the data was pre- 
Sented first, it seemed that sequential processing 
egan after the arrival of the cue signal without 
use of the preceding data signal ог the ISI. In 
Contrast to the present study, Davis’ task involved 
gating (Posner, 1964) as an information-reduction 
mechanism. 

Method.—The apparatus measured choice RT to 
the second of two stimuli presented sequentially on 
а single visual display. The S's task was to 
Process the information presented as quickly as 
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TABLE 1 
CuorcE RT (IN MSEC.) AS A FUNCTION OF ORDER OF 
PRESENTATION, S-R CODING, AND INTER- 
STIMULUS INTERVAL (ISI) 
S-R coding 
= Overall 
Order of Corresponding | Noncorresponding ade 
presenta- 
tion 
225- | 550- 225- 
msec.|msec.| M | msec. 
ISI ISI ISI 
Order 1 
| 620 482 551 716 
686 546 | 616 | 794 
66 64 78 
653 514 584 755 


Possible and to respond by pressing the correct one 
of two push buttons. . _ 

The stimulus display device (Industrial Elec- 
tronic Engineers, Inc, Standard Rear-projection 
Readout Model 10-0052-47-L) and a warning light 
Were mounted on a panel placed perpendicular to 

5 line of sight about 15 in. from his eyes. A 
horizontal response panel consisted. oí two &-in. 
Push buttons spaced 6 in. apart. The right push 

utton was marked with a 0 and was operated by 
the right index finger. The left push button was 
Marked with a 1 and was operated by the leít 
index finger. 

Hunter decade interval timers were used to 
Control the sequence of presentation of the warning 
light and stimuli. One timer provided a 2.0-sec. 
interval between the onset of the warning light 
and the first stimulus. А second timer provided 
either a 225-msec. or a 550-msec. ISI terminating 
with the onset of the second stimulus and the acti- 
vation of a Hunter Klockounter. The S's response 
(pressing a push button) stopped the Klockounter 
and started a third timer which controlled an 8.0- 
sec. intertrial interval. Indicator lights on E's 
control panel signaled which of the push buttons 
had been pressed. 

Instructions described the sequence of events in a 
trial; ie, warning light, warning interval, first 
stimulus, ISI, and second stimulus. The nature of 
the data stimulus (Numerals 0 or 1) and the rule 
Stimulus (colors red or green) were also described. 

alf of the Ss were instructed that red meant that 
they should press the button which. corresponded to 

€ numeral presented (corresponding S-R coding) 
and green meant that they should press the button 
Which did not correspond to the numeral presented 
Noncorresponding S-R coding). The other half 
ОЁ the Ss were given the opposite color-rule asso- 
Clation (eg, green = corresponding, red = non- 
Corresponding). 
he Ss were 32 male and 32 female under- 
Eraduates at the University of Iowa. Each S per- 
Огей on two blocks of trials, each block con- 
Sisting of 12 practice trials and 60 test trials. In 
a block, the rule stimulus preceded the data 
centi while in the other block, the data pre- 
€d the rule. Within a block, each of the four 
Possible pairings of data and rule was presented 


equally often in a predetermined random sequence. 
The Ss were given a 2-min. rest period between the 
two blocks of trials. They were told that their 
task on the second block would be the same as on 
the first block but that the order of presentation of 
the rule and data would be reversed. 

The experimental design involved two within- 
and two between-Ss factors. The within-Ss fac- 
tors were order of presentation and S-R coding. 
Order of presentation was either rule preceded 
data (Order 1) or data preceded rule (Order 2). 
S-R coding was either corresponding (correct re- 
sponse corresponded to the numeral presented in 
the data stimulus) or noncorresponding (correct 
response did not correspond to the numeral pre- 
sented in the data stimulus). 

The between-Ss factors were ISI and sequence. 
The two levels of ISI (225 msec. and 550 msec.) 
and the two sequences (Order 1-Order 2 and 
Order 2-Order 1) produced four between-Ss treat- 
ment combinations to which the 64 Ss were 
assigned, 16 to each group. Each group consisted 
of 8 males and 8 females. Half of the males and 
half of the females in each group performed both 
blocks of trials with one of the two color-rule 
associations. Thus, sex and color-rule association 
were counterbalanced. 

Results—Median RTs were computed for cor- 
responding and noncorresponding responses under 
both orders of presentation for each of the 64 Ss. 
The means of the median RTs as a function of 
order of presentation, S-R coding, and ISI are 
summarized in Table 1. An analysis of variance 
revealed that RT was faster when the rule pre- 
ceded the data than when the data preceded the 
rule (606 vs. 666 msec.), F (1, 60) =28.11, p< 
001. Corresponding responses were faster than 
noncorresponding responses (584 vs. 688 msec.) 
Е (1, 60) —206.17, р « 001. The Ss0-msec. IS] 
resulted in faster RT than the 225-msec. ISI (568 
vs. 704 msec.), F (1, 60) — 43.46, р < .001. 

There was a tendency toward а practice effect 
reflected by the Order of Presentation X Sequene 
interaction, F (1, 60) = 3.34, Р< .10, and the 
Order of Presentation X Sequence x ISI interac. 
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tion, F (1, 60) =4.18, p<.05. The only other 
significant source of variation was an Order of 
Presentation X S-R Coding X ISI interaction, F (1, 
60) = 5.04, p<.05. With regard to the latter 
interaction, Table 1 shows that the difference in 
RT between orders of presentation was less with 
the noncorresponding S-R coding and 550-msec. 
ISI than with the other S-R Coding x ISI Treat- 
ment Combinations (31 vs. 66, 64, and 78 msec.). 

Discussion.—Results of the present study indi- 
cated that the rate of information processing was 
affected by the order in which the information was 
presented. RT was significantly faster when the 
rule preceded the data than when the data preceded 
the rule even though changing the order did not 
affect the amount of information transmitted. This 
order oí presentation effect provides an example 
of "temporal S-R compatibility" which may be an 
important consideration in designing displays for 
sequential presentation of related information. 

The order of presentation effect may be due to 
a population sterotype or set which favors the rule- 
data order. It may also be due to the presence or 
absence of temporal contiguity between correspond- 
ing stimulus and response codes. For example, in 
the rule-data order, the information presented just 
prior to the response (Numerals 0 or 1) corre- 
sponded to the response code (buttons marked 0 
and 1) and could have facilitated the process of 
translating stimulus information into response 
terms. On the other hand, in the data-rule order, 
the information presented just prior to the re- 
sponse (red or green) was not coded in response 
terms, so additional recoding may have been neces- 
sary. 

Results of the present study also showed the 
expected effect of S-R coding. RT was signifi- 
cantly faster when the label of the appropriate 
response button corresponded to the data stimulus 
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than when it did not. This “symbolic S-R com- 
patibility” effect may be attributed to corre- 
spondence between the stimulus and response codes 
simplifying the translation process and, thus, sig- 
nificantly reducing RT. The magnitude of this 
effect and the magnitude of the temporal compati- 
bility effect noted previously could well vary as a 
function of S's level of proficiency. 

The expected main effect of ISI strongly sug- 
gests that the 225-msec. ISI was within the PRP. 
Increasing the ISI to 550 msec. provided an addi- 
tional 325 msec. for processing the first stimulus, 
but resulted in an average decrease in RT of only 
136 msec. While ISI did not interact with either 
S-R coding or order of presentation, the presence 
oi the significant Order of Presentation X S-R 
Coding X ISI interaction suggests that S-R com- 
patibility and ISI may interact in more complex 
information-processing tasks. Specifically, the re- 
sults imply that the rule-data order may not be 
superior to the data-rule order under conditions of 
noncorresponding S-R coding and 1515 greater 
than 550 msec. Further research is needed to 
delimit the magnitude of the PRP for tasks of 
varying complexity and to evaluate the extent to 
which Ss are able to use the ISI for information 
processing. 
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CUEING TO FORGET IN SHORT-TERM MEMORY" 


DAVID G. ELMES? 


Washington and Lee University 


Prior to the presentation of a particular “critical” pair in each of 24 
lists, half of the Ss (N —12) performing a running PA task were cued 
to forget items presented before the cue, while remaining Ss did not receive 


the cue. 
four, or five. 


The storage load at the recall point of the critical pair was three. 
The cued Ss recalled more critical items correctly than did 


Ss who did not receive the cue, indicating that the level of storage load can 


be reduced on signal. 


Elmes (1969) has suggested that there can be 
à discrepancy between the memory demands (stor- 
age load or SL) specified by E and the SL actually 
carried by S in the running PA task. Recall im- 
Proved with practice even though the nominal SL 
Temained the same; thus, it was argued that Ss 
had reduced their functional SL. А 

Bjork, LaBerge, and Legrand (1968) and Elmes 
(1969) attempted to change the level of SL di- 
rectly by presenting a cue to forget prior material 
in a series of items presented for retention. The 
Tesults of these studies are equivocal. Bjork et al. 
Teport that a signal to forget a previous item 
Tesulted in improved retention of a subsequently 
Presented “critical” item. Since the cue to forget 
immediately preceded the critical item, the facili- 
tated recall of the critical unit may have resulted 
from isolation or emphasis rather than from a 
reduction in SL on signal. In the Elmes experi- 
ment the possibility of isolation of the critical pair 
Was minimized by presenting and testing a pair be- 
tween the presentation of the cue and the critical 
Pair. Improved recall of the critical items in the 
cue conditions was not observed. 

The direct reduction of SL by cueing to forget 
was also attempted in the present study, which 
features a more distinctive cue, more explicit in- 
structions, and more practice on the task than was 
the case in the earlier study by Elmes. 

Method.—The running PA task and the pro- 
Cedural details are described more fully in Elmes' 
Study. Each of the 12 Ss in each of the two groups 
Teceived the same 24 lists of seven or eight pairs of 
Common English words: eight complete replications 
Of the within-Ss variable. At the recall point of 
the critical pair in each list, the SL was three, four, 
Ог five. Two groups were determined by whether 
°F not a cue (a blank blue slide and a buzzer 
Occurring together) was presented prior to the 
critical pair in each list. In the cue group, tem- 
Poral contiguity of the critical pair to the cue was 
minimized by presenting and testing a buffer item 
“tween the presentation of the cue and the critical 
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pair. For both groups the same events (a pair 
which was tested ior recall and then another pair) 
filled the retention interval of cach critical item, 
and either four or five pairs preceded the critical 
one in each list. The Ss who received the cue 
were told that 


the blue light and buzzer will indicate that you 
will not be asked to recall items presented prior 
to them, even though recall of all of the items 
had not been requested. So, following the occur- 
rence of the blue light and buzzer, you can con- 
centrate on remembering the words presented 
after the blue light and buzzer; that is, try to 
forget the words presented prior to the blue light 
and buzzer. 


Results.—lmprovements in critical item recall 
across trials were about the same in each SL 
condition and in each group. Thus for purposes of 
analysis, the numbers oí critical items correctly 
recalled in each SL condition were collapsed into 
two blocks oi 12 trials. In each block a single 
S could have correctly recalled from zero to four 
critical items in each SL condition. 

The total numbers of critical items correctly re- 
called appear in Table 1. Although more Correct 
recalls occurred in Block 2 than in Block 1, this 
effect was not reliable, Р (1, 22) = 3.53, p> 05, 
Correct recall of the critical items was not related 
to SL, F«1. Many more critical items were 
recalled correctly in the cue group than in the 
no-cue group, F (1, 22) =8.10, р < 01. 
the interactions were significant, Fs < 1. 

Of the errors made on the critical items, intru- 
sions accounted for 79% in the cue group and 4766 
in the no-cue group. The mean percentages of 
intrusion. errors on the critical items that came 
from pairs presented prior to the cue (or where 
the cue would have appeared for the noncued Ss) 
were 9% and 26% 
respectively. 
2:21, р 05: 

Discussion.—Since the effect ої the cue was evi- 
dent in Block 1, the previous failure to obtain a 
reduction in SL on signal (Elmes, 1969) did not 
result from insufficient. practice. 
the more distinctive cue (blue slide and buzzer 
vs. blue slide alone) and the more explicit instruc- 
tions (the Ss in the previous stud 


None of 


for the cue and no-cue groups, 
This difference is reliable, t (2y = 


Моге probably, 


у were not 
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TABLE 1 


TOTAL NUMBERS ОР CRITICAL ITEMS CorrECTLY 
RECALLED IN EACH BLOCK OF 12 TRIALS 


Storage load 


Group 3 | 4 | 5 Total 
| 
Block | Block | Block | Block Block | Block 
1 2 1 2 1 2 
28 29 24 31 27 32 171 
RUS Lue 18 23 18 19 18 19 115 
Total 46 52 42 50 45 51 286 


Note,— The maximum possible correct is 48, 


actually told to forget prior items) used in the 
present experiment than in the earlier one led to 
the significant effect of the cue, 

Isolation of the critical pair by the cue was 
minimized; thus, it seems unreasonable to assert 
that the cue permitted the Ss to tag or isolate the 
critical pair thereby making it easier to remember 
than other pairs. Relieved of the burden of trying 
to remember as many pairs as noncued Ss, cued Ss 
could more effectively rehearse and retain the 
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critical units. The smaller Percentage of intrusions 
from items presented prior to the cue in the cue 
group than from corresponding items in the no- 
Cue group indicates that cued Ss did not have these 
prior items available to the same extent as non- 
cued Ss. If cued Ss Operated under such condi- 
tions, then the present data have implications for 
a theory of memory. Thus, it seems unlikely that 
the cue would influence short-term retention in the 
way it did if the prior items had entered a per- 
manent memory system of the kind proposed by 
Melton (1963). Rather, the present results sug- 
gest that items enter a short-term memory system 
from which the items decay if they are not re- 
hearsed. 
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INTERACTIVE EFFECT OF DRIVE AND S-R COMPATIBILITY 
ON SPEED OF DIGIT CODING? 


DENNIS L. WACK 2 
Pennsylvania State University 


Sponse speed on the high-compatibility task, but 


AND 


NICKOLAS B, COTTRELL 


University of Iowa 


Tesponse speed on the low-compatibility task. The results Suggest that high- 


A recent review 
cluded that 


1 This report was based on the MA thesis of the first author 
which was submitted to Kent State University. The thesis was 
- This research Was supported 
in part by grants from the National Science Foundation, Grant 
GS-1016 to Kent State University and Grant 65-1956 to the 
University of Iowa. 
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irrelevant to Hull-Spence theory because the theo- 
retical discussion of intratask response competition 
was incorrectly translated into empirical terms. 
Testing and refining the Propositions of drive 
theory will require a Variety of task materials 
which undisputedly exemplify the major types of 
intratask response Competition discussed in the 
theory. ` 


Strength of the correct Tesponse relative to the 
strengths of competing incorrect responses. The 


РЧР. „Ц 


———_ 
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“S-R compatibility” of a choice reaction task de- 
notes the degree to which the required task re- 
Sponses are highly overlearned and/or "natural" 
responses to the particular members of the stimulus 
set (Fitts & Posner, 1967). Research (see Fitts 
* Posner) has shown that the greater the S-R 
compatibility, the shorter the choice reaction time 
(CRT), Translated into Hull-Spence terms, per- 
Огтапсе is superior on high-compatibility tasks 
ecause the strongest response tendency elicited by 
cach of the task stimuli is a tendency to make a 
response which is correct. Performance is in- 
erior on low-compatibility tasks because the cor- 
rect response tendencies are in competition with 
Stronger tendencies to make incorrect responses. 
If this. line of reasoning is correct, then an in- 
crease in drive level (D) should tend to improve 
Performance on tasks of high S-R compatibility 
and tend to impair performance on tasks of low 
7A Compatibility, 
ü Ne present Study examined the effects of D on 
не. Performance of two tasks requiring written 
Choice reactions to visually presented Arabic digits. 
Bat d Horwitz, and Vaughan (1966) have shown 
high SR ‘ask of copying the digit presented has 
a digit rompatibility and that the task of writing 
da randon than the one presented according to 
Dis er y constructed (and invariant) S-R code 
duced shona COmpatibility; the copying task pro- 
ES orter CRT than did the random code task. 


Copying + Py the finding that CRT for the 
опсегу ч Temains nearly constant as stimulus 
task, Qu. 15 increased, but for the random code 


For some Ss the task required 
Compatible copying responses, while for the 
16 task required less compatible random 
hypothe POnses, The present study tested the 
i (815 that D and task compatibility have ап 
Sk of Ms effect on response speed such. that on the 
incre; e ngh S-R compatibility, high drive tends to 
S-Ri* en response speed, and on the task of low 
Fesponge Patibility, high drive tends to reduce 
Meth Speed, 


student —A total of 406 introductory psychology 
materia] t Kent State University completed the 
кеш, the present study аз a course require- 
Struct n "X were discarded for not following in- 
Eroup Wer high-drive group and a low-drive 
and 200 “Te selected from the remaining 200 males 
the “males on the basis of their scores on 


lor, зодог anifest Anxiety (MA) scale (Tay- 
40 м). The high-drive A consisted of the 
the 4g 1681 Scoring males (scores of 27-40) and 
Scoring females (scores of 28-42). 
&roup consisted of the 40 lowest 
(scores of 3-10) and the 40 lowest 
, males (scores of 3-13). Work and rest 
(2025 Np) S timed with a Meylan electric clock 


76 
mid 
"e - “о? 
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68 
& ва 
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z 
© 60 
ш 
с 
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S os 
и. 
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TRIALS 


Fic. 1. Mean number of correct coding responses on each 
trial on the high-compatibility task and the low-compatibility 
task for individuals of high-drive and low-drive level. (The 
means can be converted into average CRT in seconds on each 
trial by dividing into 40.) 


Two tasks developed by Costa et al. (1966) were 
used. In these tasks, S writes digits in response to 
digits according to a code. Task booklets con- 
sisted of an instruction sheet and 10 coding pages 
each followed by a rest page. Each coding page 
consisted of 100 double boxes arranged in rows of 
20. The upper box of each pair contained as a 
stimulus one of the eight digits 2-9. The lower box 
was empty and to be filled in by S according to 
the code at the top of the page which indicated 
the response to be made to each stimulus digit. 
Ten different coding pages were generated by draw- 
ing (with no restrictions) the stimulus digits 2-9 
from random number tables. Within each task 
condition there were 10 different sequences of the 
coding pages in a Latin square. 

There were two types of booklets. In the high- 
compatibility booklets, the high-compatibility code 
—which consisted of the following S-R pairs: 2-2, 
3-3, 4-4, 5-5, 6-6, 7-7, 8-8, 9-9—was on the instruc. 
tion page and on each coding page. In the low- 
compatibility booklets, the low-compatibility code— 
which consisted of the following S-R pairs: 2-4 
3-7, 49, 5-6, 6-3, 7-2, 8-5, 9-8—арреагей instead. 
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An “autobiographical inventory" contained the МА 
scale and buffer items. , 

The Ss were tested in same-sex groups of 15- 
50. The two types of task booklets were distributed 
alternately, producing the following numbers of Ss 
in each condition: high-drive-high-compatibility, 
17 males and 22 females; low-drive-high-compati- 
bility, 21 males and 18 females; high-drive-low- 
compatibility, 23 males and 18 females; low-drive- 
low-compatibility, 19 males and 22 females. R 

The Ss were instructed to complete cach item in 
order without skipping any, to start and stop work 
on signal from E, and to work quickly, but avoid 
errors. They were allowed 40 sec. to work on each 
page, and the interpage rest interval was 10 sec. 
Aiter their task, Ss completed the autobiographical 
inventory. 

Results and discussion—The dependent variable 
was the number of correct responses. Errors 
were rare—less than .1% of total responses; thus 
the dependent variable was essentially a measure of 
response speed. The number correct on each trial 
(page) was analyzed in a 2X2x2x10 (sex, 
task compatibility, drive, trials) complete factorial 
analysis of variance using an unweighted-means 
solution for unequal n's. 

Figure 1 presents the means? for both sexes 
combined; only one effect including sex was sig- 
nificant. Two main effects and four interactions 
were significant. As shown in Fig. 1, performance 
on the high-compatibility task was superior to per- 
formance on the low-compatibility task, F (1, 152) 
= 1,038.5, p < .0001. Performance improved sig- 
nificantly over trials, F (9, 1368) — 173.0, р < .0001. 
The Task Compatibility х Trials interaction was 
significant, F (9, 1368) — 452, р < .001, and of 
the form that the improvement over trials was 
greater on the high-compatibility task than on the 
low-compatibility task. The Drive X Trials inter- 
action was significant, F (9, 1368) =24, p<.05. 
Collapsing the data in Fig. 1 over the task variable 
shows that on the early trials low-drive individuals 
are superior to high-drive individuals, but on the 
later trials the opposite is true. The crossover 
point at which high drive became superior to low 
drive occurred on different trials for the two sexes, 
producing a Sex X Drive X Trials effect, F (9, 
1368) =2.1, р < .05. 

The hypothesis of the present study concerned 
the Drive X Task Compatibility interaction, which 
was significant, F (1, 152) —4.0, p<.05, and of 


в The means shown in Fig. 1 can be converted to average 
CRT in seconds on each trial by dividing them into 40. 
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the form predicted. Figure 1 shows that high drive 
tended to increase response speed on the high- 
compatibility task, but high drive tended to de- 
crcase response speed on the low-compatibility task. 
Thus, the hypothesis of the present study was con- 
firmed. This finding was not contingent on either 
trials or sex, since none of the three- and four- 
factor interactions involving both drive and task 
compatibility were significant. The simple effects 
oi the Drive X Task Compatibility interaction only 
approached conventional two-tailed significance 
levels. On the high-compatibility task the differ- 
ence between high drive (X = 70.9) and low drive 


(X = 67.4) in the mean number correct per trial 
lded Ё (76) =1.59, p<.15. On the low-com- 


patibility task the difference between high drive 


(X —29,3) and low drive 
t (80) = 183, p < 10. 

Using a different task, Castaneda and Lipsitt 
(1959) found the same type of interaction between 
drive level and compatibility which was obtained in 
the present study. These results suggest that high- 
compatibility tasks are instances oí competitional 
situations. (Spence & Spence, 1966) in which the 
dominant response is correct and that low-compati- 
bility tasks are instances of competitional situa- 
tions in which the dominant response is incorrect. 
Future investigations must determine whether the 
interaction between drive and compatibility ob- 
tained in these studies will also obtain for tasks 
which use still other types of stimuli and responses. 
Research of this kind may identify a wide variety 
of task materials which will be useful in testing 
and modifying those propositions of drive theory 
which concern human períormance in competitional 
situations. 


(X = 31.0) yielded 
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BIDIRECTIONAL VERSUS UNIDIRECTIONAL PAIRED- 
ASSOCIATE LEARNING* 


KEITH A. WOLLEN 2 


Washington State University 


The hypothesis tested was that the typical inferiority of bidirectional over 
unidirectional learning may result from bidirectional Ss having to learn two 
sets of response terms (A and B) rather than from having to learn two 


different associations (A-B and B-A). 


To eliminate the necessity of learn- 


ing both A and B terms, a study-test procedure was used in which pairs were 
presented either bidirectionally or unidirectionally on study trials, but test 


trials were unidirectional for both conditions. 


Several different response 


measures failed to show any difference between unidirectional and bidirec- 
tional conditions, thereby supporting the hypothesis. 


The Ss required to learn bidirectionally (both 
A-B and B-A) typically períorm at a lower level 
than. those. required to learn unidirectionally (only 

-В). These data have led many Es to conclude 
that forward and backward associations differ from 
See another (Goulet & Behar, 1966; Leuba, 1966; 
child & Battig, 1966; Segal & Mandler, 1967; 
enderwood & Keppel, 1963; Voss, 1965). How- 
ТЫШ the inferiority of bidirectional Ss may have 
{сы ted from the necessity of learning two sets of 
ice. (A and B) rather than from having to 
ï n two different associations (A-B and B-A). 
Come attempt to control for this possibility, Leuba 

66) tried to force unidirectional Ss to learn both 
and B terms by using a procedure in which Ss 
ever A, anticipated B, and then wrote A. How- 
after i may be that writing A almost immediately 
сас, faring it did not require as much A-term 
lad ung as in the bidirectional condition where Ss 
that ri recall A. Thus the possibility still exists 
Cay directional Ss performed more poorly be- 

S¢ they had more A-term learning. 

Asta (1965) eliminated differential amounts of 
ticipate learning by requiring both groups to an- 
ality * in the same (A-B) direction, Bidirection- 
men, “2S introduced only in the way the pair 
each ts were shown (A-B or B-A) following 
haq attempted anticipation. Since neither group 
biqi,. learn the A terms, Voss concluded that the 
they «tional Ss performed more poorly because 
суст 184 to learn two different associations. How- 
Ss n alternative possibility is that bidirectional 
anq ad more difficulty differentiating between A 
Consist terms, which were both CVCs. Evidence 
idir СПЕ with this interpretation was the fact that 
the ү Stional Ss had more intralist intrusions, and 


n i H " 
Perg ‘rusions apparently accounted for the inferior 
rmance, 


This ; 
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The present experiment used a procedure in 
which pairs were presented either bidirectionally 
or unidirectionally on study trials, but test trials, 
which alternated with study trials, were unidirec- 
tional for both groups. Thus the problem of differ- 
ential A-term learning does not arise since neither 
group had to learn the A members. To reduce the 
possibility that differentiation between A and B 
would be more difficult for bidirectional Ss, the A 
terms were from a different response class than 
B items (letters vs. numbers). Finally, Es fre- 
quently have not insured that Ss rehearsed the terms 
in the direction presented. This was controlled by 
requiring Ss to articulate both pair members in the 
direction presented and by using a fast rate which 
virtually excluded the possibility of extraneous 
covert rehearsal. 

Method—The Ss were 72 students whose par- 
ticipation partially fulfilled a course requirement 
of introductory psychology. Each S learned List 1 
(11-G, 4-X, 23-F, 3-Q, 7-L, 15-K, 24-H, 18-R) 
or List 2 (same pairs with stimulus and response 
terms reversed) to a criterion of 1 perfect trial or 
60 trials, whichever came first. On study trials, 
which alternated with test trials, a Laíayette drum 
was used to present each stimulus term alone for 
5 sec. followed by the stimulus and response 
together for .5 sec. The Ss were required to 
articulate both members of each pair in the direc- 
tion presented. On test trials, each of the letters 
(or numbers) was presented singly at the rate of 
one term every 2 sec. The S was required to say 
the term in the window and then supply the missing 
member. Guessing was encouraged. Each S was 
asked to summarize the instructions to insure 
comprehension. 

The design was a 2 X 2 factorial with one varia- 
ble being direction of presentation on study trials, 
unidirectional (Di) vs. bidirectional (Ds), and the 
other variable being materials recalled, letters or 
numbers. The pairs were always presented in the 
А-В direction on study trials for Di Ss. For Di 
conditions, direction of presentation alternated 
(from trial to trial) between А-В and B-A. Test 
trials were unidirectional (recall B terms) fee 
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both groups. The B terms were numbers for half 
of the Ss and letters for the others. There were 
18 Ss in each of the four groups. 

Results and discussion—Oi the 72 Ss, 4 D, Ss 
and 3 Ds Ss failed to reach 1 perfect trial in the 
alloted time (60 trials) and were assigned the score 
of 61. The respective mean trials to criterion for 
D; and Dz conditions were 35.22 and 33.78 for Ss 
who recalled letters and 35.72 and 33.83 for Ss who 
recalled numbers. It was not necessary to run 
statistical tests to show that the differences were 
nonsignificant since the variability of the scores 
was so great (from 8 to 61). 

Since there were no differences in trials to cri- 
terion, several additional analyses were performed: 
(a) The Ss in each of the four conditions were 
divided into the top 50% and bottom 50% on the 
basis of trials required to reach the terminal cri- 
terion, and the data were examined in terms of 
trials to each successive criterion. (b) The data 
of fast and slow learners were examined for the 
total number correct on Trials 1-10 (the value of 
10 was picked since only one S failed to have at 
least 10 trials). Additional analyses included (c) 
a comparison of the mean number of pairs correct 
per trial and (d) the probability of a pair being 
correct on the trial following the first correct re- 
sponse. Finally (e) the mean percentage of 
correct responses on all trials was determined for 
each pair of each S. The means of these values 
were examined to see whether D; and Dz conditions 
might differ for individual pairs even though there 
were no differences for all pairs taken collectively. 
There were no significant differences in any of 
these analyses; in fact, what slight trends there 
ме appeared to favor D; about as frequently 
as D. 


In summary, there was no evidence of D; superi- 
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ority in any of the varied analyses. The interpre- 
tation of this finding hinges on the extent to which 
one can argue that D: Ss in fact rehearsed bidirec- 
tionally. There is little doubt of this on study 
trials since the pair members were articulated 
overtly in the direction presented and since the 
rapid rate virtually ruled out covert rehearsal, The 
test trials were given at a slower rate, thus per- 
mitting the possibility of covert unidirectional re- 
hearsal by Dz Ss. However, the lack of knowledge 
of results would certainly minimize the importance 
of learning on test trials. At the very least, learn- 
ing had to originate on study trials since these 
were the only times the pair members were pre- 
sented together. Hence it scems reasonable to 
argue that Ds Ss did rehearse bidirectionally and 
that bidirectional rehearsal was, under the present 
conditions, as effective as unidirectional rehearsal. 
This analysis suggests that Previous findings of Ds 
inferiority may well have stemmed from the addi- 
tional learning of A terms not required of Di Ss. 
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EFFECTS OF AN AUDITORY SIGNAL ON VISUAL REACTION TIME: 


IRA H. BERNSTEIN; MARK H. CLARK, anp BARRY A. EDELSTEIN 


University of Texas at Arlington 


Three trained Ss participated in a visual reaction time (RT) task. The 
stimulus events consisted either of a visual (V), visual-auditory (VA), or 
auditory (A) signal, the latter serving as a catch signal not to be responded 
to. On VA trials, V and A were separated by interstimulus intervals (ISIs) 


ranging from 0 to 90 msec. in 10-msec. units. 


RT to VA events was 


generally faster than RT to a V event alone and was directly related to ISI. 
The obtained intersensory facilitation supported previous findings by Hershen- 


son and Morrell. 


U-shaped function of ISI. 
measure. 


Hershenson (1962) obtained reaction times 
RTs) to visual (V), auditory (A), and com- 
bined visual-auditory (VA) stimulation (RTy, 

^ and КТул, respectively). As the interstimu- 
"S interval (ISI) separating V from the subse- 
quent A event on VA trials was increased, RTva 
Mereased from the level of КТА to the level of 
ү Over a 0-100 msec. range of ISIs. A measure 
facilitation (F) was obtained by comparing 
va at a given ISI with RT to the psychologi- 
Cally first event defined by the difference, RTy — 
Ta, to be denoted V-A. For ISI< V-A, F 
RT,+ISI—RTys, and for ISI> V-A, F= 
RT, — RTva. Е was an inverted U-shaped function 
of ISI, reaching a point of maximum facilitation 
(PMF) at the ISI equal to V-A, implying that 
Mtersensory facilitation was maximal at this point. 
19 П а subsequent series of studies, Morrell (1967, 

68a, 1968b) varied the type of RT task (simple, 
choice, and discriminative). In all cases the rela- 
ion between КТул and ISI was as described pre- 
viously, despite the fact that in one study (Morrell, 

a 


of 


1968 ) the occurrence of A alone was a catch 
Signa] 


h Morrett's (1968a) study does not allow а post 
"termination of Е since she used only six 
15, the shortest of which was 20 msec. The 

hoi nt Study was run to see if the same relations 

de among F, ISI, PMF, and V-A in a situation 
to ned by the absence of A as an affirmative signal 

Stug Pond as they did in Hershenson’s (1962) 

Sti їп which A and V shared a joint relevancy as 

us events, . 

Sity "hod — Three undergraduates at the Univer- 

Texas at Arlington, with at least some 
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vata чесе (1968а) study was reported after the present 
nce to Bathered, It is discussed here because of its rele- 
© Present design. 


Also, an index of facilitation previously employed by 
Hershenson was obtained and, as with 


Hershenson's study, was an inverted 


However, an artifact was noted in Hershenson's 


prior RT experience and practice at the present 
task, comprised the sample. GP and DF were 
females and DA was a male. 

The basic procedure was similar to Morrell's 
(1968a) in that type of trial (V, A, and VA) and 
ISI were randomized and unknown to S, in con- 
trast to Hershenson's (1962) event-certain proce- 
dure. Each S participated in 10 experimental ses- 
sions designed to last for approximately 1 hr. 
However, trials were run on an ad-lib basis to 
minimize fatigue and sustain more nearly optimal 
performance. The Ss were instructed to respond 
on V or VA trials, but not to respond on A trials, 
and to emphasize speed over accuracy. A total of 
300 V trials, 100 VA trials at each of 10 ISIs 
(0-90 msec. in 10-msec. increments), and 200 A 
trials were included in the original design, exclu- 
sive of warm up. However, slight deviations, not 
exceeding + 8%, resulted from the randomization 
procedures used. Each trial began with the onset 
of the warning signal (WS) which terminated at 
the end of the foreperiod delay. A constant l-sec. 
foreperiod delay was used for DA and a variable 
1-2 sec. in .l-sec. intervals foreperiod delay was 
used for GP and DF. At the end of the fore- 
period delay the V event would occur on V and VA 
trials and remain on until S had responded. At 
the end of the ISI the A event would occur. An 
A trial was run like a VA trial except that the 
circuitry inhibited the V event. Hence, an A event 
could occur at any of the 10 ISIs following WS 
offset with equal probability. 

The E and S sat in separate rooms. Located in 
E's control room were four Hunter timers to con- 
trol the foreperiod delay, the A and V events, and 
the ISI: a Hunter Klockounter, Scientific Proto- 
type Model 4026-J 26-v. dc power supply, an RCA 
Model WA-44C signal generator, a flip-flop, and 
a control module. The running room was dark- 
ened and contained a stimulus display, a pair of 
telegraph keys, and a pair of Koss PRO-4 head- 
phones. 


The A event was а 120-db,, 10-mesc., 1-kHz, 
sinusoidal time burst delivered binaurally and in 
phase. Despite its high energy level, the tone did 


567 


TABLE 1 


RTy, RTva as A FUNCTION OF ISI, STANDARD ERRORS 
x 


E SD VALUES OF t, DERIVED FROM 
OF THE MEAN sx, AND VALUES 5 
Dunnett's Test, COMPARING RTva with КТУ, 
PRESENTED SEPARATELY FOR Елсн S 


Cond. ISI DA DF GP 
X sx t |X [sx t tji, 1 

"A | 01176 5 |6.47**|209 4 |7.60**|185| 3 | 8.47** 
YA | 10 188 7 | 4.76**| 216) 4 | 6.31** 195) 3 6.71%" 
VA | 201182 3 | 5.66**) 227) 4 |4.38**|204! 3 | 5.04** 
VA |30 187 4 | 4.69%*| 233, 4 | 3.36**| 208) 3 | 4.21** 
VA 40 1200. 5 | 2.19 |234| 3 3.13" |219| 3 | 2.00 
VA |50202 4 1.59 |246 8 | 1.01 |219) 3 | 2.13 
VA 60 199 3 241) 4 1,99 214) 3 2.98% 
VA | 70/202) 4 |239| 4 |2.22 1224 9 | 1.17 
VA (80 206 3 241) 4 | 1.83 |232| 9 | —.38 
VA (90 202 4 4 | 45 |225) 3 | (85 

№ 210 3 4 230 2 


Note.—The values of F obtained in preliminary analyses of 
variance were F (10, 1288) = 7.96 for DA, F (10, 1288) = 9.51 
for ОЕ, and F (10,1249) = 12.64 for GP, all p's < .001. 
*p«.05. 
э» p < .01 (all comparisons two-tailed). 


not sound painfully loud because oi its short dura- 
tion. Also, the short duration altered the acousti- 
cal qualities of the tone burst so that its subjective 
quality was described as like a “chirp.” 

The warning and V stimuli were GE-55 6-v. dc 
glow lamps arranged at the vertexes of an imagi- 
nary upright equilateral triangle. The radius of 
the circumscribed triangle passing through the cen- 
ter of the bulbs subtended 50' visual angle. The 
warning signal was located at the apex of the 
triangle and emitted 170 ítc. through a frosted 
cover. The two lights which constituted the V 
events were at the base of the triangle, had a red 
cover, and emitted 110 fte. With all stimulus lights 
off, the ambient lighting produced a luminance too 
low to be measured by the SEI photometer used 
ior photometric determinations (< .01 apparent 
ítc.). The high intensities resulted from over- 
driving the normally high output bulbs. Only one 
of the two V lights went on on a V or VA trial, 
and S was instructed to respond with a homo- 
lateral telegraph key depression. The appropriate 
side was alternated each eight trials to equate the 
number of times S responded with his right and 
left hand; 5 was informed of the appropriate side 
throughout the experiment. 

Results and discussion—The means and standard 
deviations for КТул and RTv are presented in 
Table 1, separately for each S. In order to assess 
the significance of the variation in condition means, 
simple analyses of variance were run for each S, 
contrasting the 10 RTya and 1 RT; means. The 
three F ratios, presented in Table 1, far exceeded 
the .001 level and are highly unlikely to be an 
artifact oi the skewness inherent in RT distri- 
butions. Я 

In order to evaluate differences between RTva 
and RTv specific to each ISI, the within-conditions 


wan square was used to generate values of t, 
mea 
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using Dunnett’s procedure for comparison of ex- 
perimental conditions with a control (Edwards, 
1960). The resultant values of f are also included 
in Table 1. As can be seen, RTya is significantly 
faster than RTy for all Ss at 0 msec. and shows 
a generally monotonic increase with ISI. 

Since no RT, trials were гип, the 0-msec. ISI 
КТул mean was employed to obtain Е, a substitu- 
tion felt appropriate since F was essentially 0 in 
Hershenson’s (1962) study at 0-тѕес. ISI. No 
RT. trials were run in view of S's’ extensive prac- 
tice in not responding to A. Figure 1 presents a 
plot of F as a function of ISI, the two-tailed 95% 
confidence intervals, using the error terms from 
the Dunnett tests (solid vertical lines), and the 
ISI corresponding to V-A (dashed vertical lines). 
As can be seen from Fig. 1, the results are quite 
comparable to Hershenson's in that all curves are 
in the form of an inverted U with PMF at or near 
V-A. The discrepancy in the case of one S (GP) 
was not significant; her 40-, 50-, and 60-msec. ISI 
RTva means did not differ from one another (all 
values of ¢ less than 1.00). 

Inspection of error rates (responses on A trials) 
failed to indicate any consistent between-Ss trends. 
The within-conditions variance in the present study 
was considerably larger than іп Hershenson's 
(1962) study. The range of standard deviation 
was 25-85 msec. with a modal range of 30-40 
msec. In contrast, Hershenson's standard devia- 
tions ranged from 5.5 to 11.1 msec. Two factors 
may account for this discrepancy. The first of 
these is the fact that Hershenson systematically 
excluded the longest and shortest RT on each 
block of 20 trials, a technique which appeared in- 
appropriate to the present study given the random 
Schedule of ISIs. Second, the present study was 
concerned with discrimination RTs, which are 
well-known to be more variable than Hershenson's 
simple RTs. 

The trends of the RTys means thus support the 
prior findings of Morrell (1967, 1968a, 1968b) and 
Hershenson (1962) regarding the relation of ISI 
to RTva. In addition, the findings further indicate 
that it is not necessary to have A be an affirmative 
RT signal in order to obtain the intersensory effect 
and the relations discussed previously between F 
and ISI. Before too great a theoretical interpre- 
tation is placed upon the communality of Hershen- 
son’s findings and the present regarding the F-ISI 
relation, a measurement artifact needs to be noted, 
based on the fact that RTys was found in both 
cases to be a negatively accelerated function of 151. 
A consequence of this negative acceleration is that 
any point of division other than V-A would gener- 
ate an inverted U-shaped function with maximum 
at the point of division. Thus, at ISIs shorter than 
the point of division, the quantity F — RT, (oF 
RT ra at 0 msec.) — RTva + ISI. would necessarily 
increase with ISI since, by definition, RTvs woul 
increase less rapidly than ISI. Likewise, the 
diminishing effect of A with ISI would make the 
quantity F = RT, — RT ys decrease with ISI. Thus 
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FACILITATION (msecs) 


msecs 
COMPOSITE 


50 75 100 


ISI ( msecs) 


Fis, 1. 
composite. 
multiple-comparisen proc 
to V-A) 


It is possible to accept the intersensory effect with- 
Out attributing special significance to V-A as a 
Particular ISI. 

On the other hand, there is potential significance 
to V-A as an ISI. The present findings, in con- 
Junction with Morrell's (1967a, 1967b) latter two 
Studies, imply that irrelevant energy sources can 
Summate with the energy derived from the rele- 
Vant stimulus to affect RT. It would seem plausi- 
le to assume further that the amount of summa- 
tion is in part determined by the extent to which 
both relevant and irrelevant sources arrive in func- 
tional synchrony, as inferred from V-A. 


Facilitation (F) as a function of ISI, presented separately for each S and as a 
(Vertical solid lines represent 95% confidence intervals derived from Dunnett's 
edure, and the vertical dashed line represents the ISI corresponding 
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Following a first signal to respond (S1), a second signal (S2) to which no 
response was required was inserted during response execution, i.e., after an 
overt response to Sl had begun but before the entire response had been 
completed. No significant decrements in response latency to 51 or in errors 
in responding to S1 were found by comparison with an independent control 
group never experiencing S2. This was in contrast to prior findings in which 
significant response decrements had been found when S2 occurred during 
response selection, i.e., prior to initiation of any overt movement. The set of 
findings was considered compatible with an interpretation of independence 
of response-selection and response-execution stages and with response-conflict 


theory. 


Findings of two studies have indicated that under 
stimulus-response uncertainty, latency of response 
to a first signal (S1) was increased by a following 
signal (S2) to which no response was required 
(Herman, 1969; Herman & Israel, 1967). In both 
studies, S2 onset preceded any overt movement by 
S in response to Sl—i.e., the maximum S1-S2 inter- 
val of 150 msec. was shorter than S’s reaction time 
(RT). 

Fitts and Peterson (1964) have identified the 
stage preceding initiation of an overt movement as 
"response selection" and that following it as "re- 
sponse execution" and have provided evidence that 
these stages may represent the functioning of inde- 
pendent processes. It is of interest, therefore, to 
examine whether decremental effects of S2 would 
be found were S2 to occur only during the response- 
execution stage. 

Response-conflict theory, which attributes S2 dec- 
remental effects to competing response tendencies 
aroused by S2 (Herman, 1969), would predict only 
minimal response conflict were S2 inserted after 
response selection. Thus, the prepotency of the 
response under execution should preclude any seri- 
ous interference from a competing response ten- 
dency aroused by occurrence of S2. F urthermore, 
during the preceding response-selection stage, con- 
flict could have occurred, at best, only indirectly 
through mediated arousal of a response tendency to 
S2, via S1-S2 stimulus generalization. Therefore, 
overall response conflict should be weak, and this 
should imply only weak latency decrements (Ber- 

lyne, 1957). . ч 

The test situation of the Herman-Israel (1967) 
study provides a ready means for insertion of S2 
within the execution stage of a response to Sl. 
The task for S in that study had been to move 
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his finger from a “home” key, which he had held 
depressed, to the first target light (S1) which 
flashed on. Since movement time (MT) had been 
on the order of 200-300 msec., S2 may now be 
presented up to, e.g., 150 msec. after S has released 
his home key in response to 51. 

To provide for a full analysis of any decremental 
effects of S2 in this situation, data were recorded 
in three parts as (а) RT—time from S1 onset to 
release of home key, (b) MT—time from home-key 
release to strike of target key, and (c) errors— 
pressing of the wrong target light or missing the 
target light entirely. To provide a contrast with 
present results, the original Herman-Israel total 
latency data (RT + МТ) were broken down into 
their component parts and are presented herein, as 
are previously unreported error data from that 
study. 

Method.—Procedures were identical to those of 
the Herman-Israel (1967) study. Included as 
variables, as in that prior study, were degree of 
stimulus-response uncertainty existing prior to 51 
onset and length of temporal intervals prior to 
S2 onset. The latter variable represented the inter- 
val between completion of RT and S2 onset (re- 
sponse-stimulus interval or RSI) in the present 
study, whereas in the Herman-Israel study it had 
represented the interval between S1 onset and S2 
onset (interstimulus interval or ISI). The absolute 
values of the levels of these variables were the 
same, however. 

The Ss were 18 male undergraduate volunteers, 
9 randomly assigned to each of two groups. 

The stimulus display consisted of eight push- 
button target lights arranged horizontally in an arc 
of 54° at radial distances of 7 in. from a home 
key. Either 2, 4, or 8 potential 51 lights—i.e,, 1, 2, 
or 3 bits of uncertainty—could occur on a trial, the 
exact number preindicated to 5 by presenting the 
set of potential S1 lights at half-brilliance. These 
sets were always comprised of “mirror-image” 
pairs (ie, Lights 1-8, 27, 3.6, 4-5). To initiate 
a trial, S pressed and held down the home key ; 250 
msec. later one of the preindicated S1 lights went 
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to full brilliance. The S2 light, when it occurred, 
was always the mirror image of Sl; in addition, 
on presentation of S2, 51 extinguished automati- 
cally. Pressing of the correct target light (S1) 
by S extinguished all remaining lights, including 
those at half-brilliance. 

. The two groups were designated single stimula- 
tion (SS) and double stimulation (DS) to indicate, 
Tespectively, a control group experiencing only 51 
and a group experiencing both S1 and S2 and to 
correspond, respectively, to Groups Cl and C2 oí 
the prior Herman-Israel study. For the DS group, 
the four RSIs were 50, 100, 150, or % (i.e, no S2) 
msec., the latter representing a within-Ss control. 
Each RSI occurred on 2596 of the trials. These 
intervals also defined duration of Sl for both 
Broups; thus, definable intervals—time to 51 off- 
Set—existed for both groups. 

The Ss were tested in two sessions, approxi- 
mately 1 wk. apart, with 72 trials per session. 
tials on which S made an error were repeated. 

Results,—Figure 1 shows RT and MT data for 
Session 1 as a function of uncertainty levels for 
(a) Groups SS and DS of the present study and 

b) Groups C1 and C2 of ће Herman-Israel study. 

uring Session 2, group differences within the lat- 
ter study were of considerably reduced magnitude 
with RT curves showing some overlap, though MT 
Curves did not. In the present study, however, 
Eroup differences were not appreciably altered. 

To test for decremental effects of S2, one-tailed 
t tests (df= 16) were applied to the data to evalu- 
ate the hypotheses that RT and MT would be 
Significantly longer for the DS group and that 
errors would be significantly greater. Separate 
analyses were made at each session. 

The analyses for Session 1 indicated that differ- 
ences between Groups DS and SS on any of the 
three response measures were nonsignificant (t's < 

The mean total errors over the 72 trials for 
Groups DS and SS were, respectively, 4.88 and 2.91. 

tmilar analyses were carried out on the Session 2 

a, but again no significant differences were 
9und for any measure. 

Parallel analyses of S2 effects were carried out 
n the Herman-Israel data, again separately for 
rach session, Results (df= 16) indicated that 
Sth RTs and MTs for the C2 group were signifi- 
cantly longer than for the C1 group for Session 1 
Ys = 2.05 and 1.94, respectively, $ < .05), but were 
not for Session 2. Also, for Session 1, there were 
pBnificantly more errors (= 2.25, Р < 025) made 
У the C2 group—9,20 mean total errors as com- 
uM with 2.29 errors for the Cl group. Error 

frences during Session 2 were not significant. 
“ unnett tests were used to contrast the set of 
E RSIs—50, 100, and 150 msec—with the © 
ds 2) condition, a within-Ss comparison. Separate 
alyses were carried out for Groups SS and DS 

Sach session for each latency measure—a total 

dine analyses. In no case was a significant 
Tence found. 
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В HERMAN-ISRAEL 
(1967) 


A PRESENT STUDY 
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Herman-Israel study. (The RT data are given in solid lines, 
MT data in dashed lines.) 


Parallel tests on the ISI variable of the Herman- 
Israel study also failed to yield any significant 
differences between the set oí "real" ISIs and the 
со condition. 

Uncertainty produced significant RT effects (р 
< 01) for both Groups SS and DS during both 
Session 1, F (2, 16) > 9.48, and Session 2, F 
> 8.66. For the MT variable, however, the only 
significant effect noted was for Group SS for 
Session 1, F = 422, p < .05. 

For the Herman-Israel study, the uncertainty 
variable yielded comparable results to the present 
findings for the RT data, F (2, 16) 21377 at 
Session 1 and F 2 5.74 at Session 2. For MT, a 
significant effect occurred only for Group C2 at 
Session 1, F = 5.76, p < .05. 

Discussion.—Results of the present study failed 
to indicate a significant decremental effect of S2 on 
response latency to Sl, or on errors in responding 
to Sl, when S2 occurred after the response- 
selection stage. This is in contrast to significant 
decremental effects noted for the Herman-Israel 
study, in which S2 occurred during the response- 
selection stage. Ancillary variables—uncertainty 
and intervals—yielded very comparable results in 
both studies, and, hence, differential effects of S2 
noted across the studies would appear to be pri- 
marily a function of the differential insertion of S2. 

It might appear that the lack of an S2 decre- 
mental effect in the present study, as contrasted 
with both the Herman-Israel and Herman (1969) 
studies, was simply due to the greater time elapsing 
between S1 onset and S2 onset in the present study, 
ie, that S2 effects decrease with increasing 51-52 
intervals. But this position cannot be easily main- 
tained since increasing ISIs were not associated 
with decreasing decrements in either the Herman- 
Israel or the Herman studies. Moreover, the 
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within-Ss 2с control, which might be viewed as 
approximating a very long ISI, yielded comparable 
latency decrements to the three shorter real” ISIs 
in both studies. It may be noted also that in the 
present study effects of the set of real RSIs were 
not significantly different from that of the >» 
condition. This set of findings suggests, therefore, 
that the important variable was the response stage 
—selection or execution—at which S2 was intro- 
duced and provides additional support for the con- 
tention of Fitts and Peterson (1964) that these 
stages represent independent processes. 

The findings are consistent with the prediction 
from response-conflict theory, given earlier in this 
paper, that insertion of S2 after response selection 
should result in only weak latency effects at best 
since conflict itself was weak. The failure to find 
a significant effect of S2 on overt errors in the 
present study, as opposed to large and significant 
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effects in the Herman-Isracl study, as well as the 
noted latency differences across the studies, further 
supports the analysis that S2 effects relate primarily 
to the degree of response conflict aroused by S2 
(Herman, 1969). 
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AVAILABILITY 


ON ASSOCIATIVE LEARNING ! 


ERNEST N. DAMIANOPOULOS 2 
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were drawn from a single class and a 2: 2 rate of 
No facilitation was observed due to S a 
concluded that those results were opposed to S and R learning co 


out. 


tions. 


The generalization that response learning and, to 
a lesser extent, stimulus learning are component 
processes in PA learning is rather well established 
(Horowitz & Larsen, 1963; Jung, 1965; Orlowski 
& Walsh, 1967; Underwood, Runquist, & Schulz, 
1959). Thus, it was the purpose of the present 
experiment to determine quantitatively the amount 
oí facilitative transfer effect due to S and R learn- 
ing and due to S plus R learning on a subsequently 
learned PA task. Three experimental and two 

trol groups of Ss were given availability training 
ame bath the S and the R items of a subsequently 
nerned n aad memory drum Model 303B 


s used to display to each S three lists of non- 
wa 
orted by an Indiana University sum- 


1 This study was um the summer of 1966. 


hip i ; А 
E eni Laer atm should be sent to Ernest N. Dami- 
equests 


‘chology, Indiana University, 
artment of Psyc 
apes, ере Indiana 47130. 


sense syllables. The items in all lists were ran- 
domly selected from a single population of CVC 
items compiled by Battig? The items were oí 
medium association value (47-5396) and of ranked 
difficulty 4.00-6.00 on a scale ranging 1-9, Four 
different lists were used in the free recall learning 
(FRL) stage: А,В; A,C; CB; and GD lists. 
These lists consisted of 10 items each. 
list consisted of the 10 items of the A-B list in the 
PA task. The A,C list consisted of the 5 stimulus 
items of the A-B list and 5 irr i 

the C,D list. The CB list consisted of 5 response 
list and 5 irrelevant items 


from the C,D list. The CD list consisted of 10 


irrelevant items. 
_ There were two lists in the PA task, An A-B 


list consisting of 5 paired A,B items and an E-F 
list consisting of 5 different pairs of items. 


* American Documentation Institute No. 5847. 
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The Ss were volunteers from introductory 
Courses at Indiana University, Southeastern Cam- 
pus. They were assigned in order of appearance 
ta five treatment groups, three experimental and 
two control groups, consisting of 10 Ss each. Four 
Ss were dropped for a variety of reasons, 1 be- 
cause of apparatus failure, 1 because he could not 
learn the C,B list, and 2 Ss because they could not 
learn the C,D list. 

The Ss in Group 1 learned the 10 items of the 
A,B list by means of ЕКІ. They were instructed 
to learn all the items in the lists presented to them 
and to recite them in any order of recall during the 
test trial following each practice trial. The S was 
instructed to respond at the same rate (2:2 sec. 
rate) as in the practice trial. Thus, they were to 
recall an item each time the blank paper on the 
memory drum moved and stopped. As soon as 5 
had learned all the items in the FRL list to one 
errorless trial, he then learned the first PA list, the 
A-B list, to one errorless trial, after first learning a 
short 3-item practice PA list. Following this, the 
second PA list (E-F) was learned. The intertask 
interval was about 1 min. throughout. 

The Ss in the four other groups differed from 
Group 1 only with respect to the FRI. task which 
provided the availability training. Group 2 Ss 
learned the A,C list, Group 3 Ss learned the C,B 
list, and Group 4 Ss learned the C.D list; Group 5 
Ss were given no FRL prior to the two PA learn- 
ing tasks. At the end of the experiment, Ss were 
asked to recall all the items they had learned in 
the FRL task and a number of other questions 
concerning the mnemonic devices used to learn the 
PA tasks. Finally, each S was cautioned not to 
discuss the experiment with any but those Ss who 
already participated in the experiment. 

Results and discussion.—The number of trials to 
reach criterion of one errorless trial during FRL 
were 33.6, 29.6, 29.9, and 34.5 for Groups 1-4, 
respectively. There were no significant differences 
among these means, Е (3, 36) =.276, p > 05. 

It was assumed on the basis of the results ob- 
tained by Orlowski and Walsh (1967) and by 
Underwood et al. (1959) that stimulus availability 
and response availability would have a e 
effect on a subsequent PA task. This empirical 
hypothesis was tested with the specific purpose oi 
distinguishing the quantitative degree of маш 
tion by S, R, and both 5 and R availability on Р; 
learning. : 

It was expected that comparison ol Groups 1 
(A,B), 2 (A,C), and 3 (C,B) with Group 4 
(C,D) would reveal the combined as well as the 
separate effects of S and R item availability on 
PA learning, Differences favoring Groups 1, 2. 
pow 3 as compared with 4 would point to S and 
5 availability as the principal component processes 
in PA learning. A lack of differences, ОП the other 

hand, would indicate that S-R association 1s the 
main process and that S and/or К learning cither 
Play no role at all or a very minor one. Negative 
findings could also, of course, be attributed to con- 


m 
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TABLE 1 


MEAN NUMBER OF PRACTICE TRIALS To LEARN 
List 2 то Охе PERFECT TRIAL CRITERION 


Group 
List A-B |- E ; 
1 | 2 3 | 4 5 
| (А.В) (A.C) (C.B) (C.D) (0) 
x 139 | 136 | 146 | 123 | 205 
Sp А | 6:8 74 55 91 


А.С, etc., refer to item 


Note.—The designations 
s to paired A,B items. 


composition in List 1 (FRL) 


founding factors. A comparison of the two con- 
trol groups, 4 and 5, was expected to reveal the 
nonspecific transfer effects of S and R availability 
training. 

The mean number oí trials to criterion in the 
PA task on the A-D list, as shown in Table 1, were 
analyzed by ¢ tests. Groups 1 (A,B), 2 (A,C), 
and 3 (C,B) were compared separately against 
Group 4 (C,D), which served as the appropriate 
control group for the first three groups. None 
of the mean differences proved to be significant. 
Moreover, comparison of the performance of each 
group on the first five trials of PA learning pro- 
duced no evidence of a trend. Thus, the empirical 
hypothesis about the facilitative effects of S and R 
availability was not supported by the afore- 
mentioned results. Nonspecific transfer effects 
were observed, however, as Group 4 differed sig- 
nificantly from Group 5, £ (18) = 2.555, p < .05. 

Needless to say, these negative findings are rather 
surprising in view of the positive results obtained 
by Horowitz and Larsen (1963), Jung (1965), 
Orlowski and Walsh (1967), and Underwood et al. 
(1959). Three interpretations seem possible. One 
interpretation is that the observed lack of differ- 


ences reveals the associative process as the main 
ing and that S and 


component process in PA learnii 
R availability either play a very minor role or no 
role at all. This interpretation is reinforced by the 
almost perfect recall at the end of each session of 
all the FRL items even after two PA tasks. A 
terminal recall test showed a mean number oi 8.9, 
8.5, 7.5, and 9.2 items out of 10 were recalled by 
Ss in Groups 1-4, respectively. Thus, it seems the 
items were available throughout, but had no effect. 
Such a conclusion, however, quite obviously is in 
direct contradiction to the previous findings cited. 

A second interpretation can be developed around 
a recent analysis oí familiarization experiments. 
Jung (1967) suggested that familiarization experi- 
ments in PA learning ought to be viewed as trans- 
fer designs inasmuch as the familiarization train- 
ing permits intralist associations to be íormed. 
It was assumed that these intralist associations 
would exert positive and negative transfer effects 
on subsequently learned PA lists. 

To determine whether or not intralist associations 
were formed during the FRL phase, the last two 
trials of FRL were examined for item adjacency. 
The number of items were counted which occurred 
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together in an adjacent relation in the next-to-the- 
last learning trial and also in the last trial. | Sepa- 
rate count was made for the items in which the 
sequence was identical (FF) from those in which 
the sequence was reversed (FB). Combining the 
FF category with the FB category, the mean 
number of items were 3.3 for the A,B group, 1.8 
for the A,C group, 1.3 for the C,B group, and 
27 ior the C,D group. These means were then 
compared against an expected mean of 2.0 items 
that would be expected by chance to occur in an 
adjacent relation. None of the individual Ё tests 
reached significance. It can be concluded that the 
FRL treatment did not result in a significant degree 
of transfer effects due to uncontrolled intraserial 
associations. 

A third interpretation can be developed around 
possible factors masking the expected facilitative 
effects of S, R, and both S and R availability. 
One such factor may have been the short 2-sec. 
duration of S and R item presentation in the PA 
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learning stage. Another factor may have been 
the lack oí S and R differentiation as both were 
drawn írom a single class oí items. Further 
experimentation is necessary to test these inter- 
pretations. 
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RUNWAY EXTINCTION AS A JOINT FUNCTION OF ACQUISITION REWARD 
PERCENTAGE AND EXTINCTION PUNISHMENT INTENSITY? 


RICHARD G. RATLIFF? Амр KEITH N. CLAYTON 


Vanderbilt University 


Shock-produced conflict behavior is compared with extinction behavior in a 
runway study involving the simultaneous manipulation of acquisition reward 
percentage and extinction shock intensity. The factorial design combined 
four levels of percentage (25%, 50%, 75%, and 100%) with three levels of 
shock (0, .8, and 1.6 ma.). A total of 144 rats were given 48 acquisition and 
20 extinction trials. Except for the more severe shock condition, it was 
found that partially rewarded rats were more resistant to extinction punish- 
ment than consistently rewarded rats. The results are interpreted as support 
for a theoretical position which stresses the similarities of the effects of non- 
reward and punishment. The Ss which have learned to respond in the pres- 
ence of anticipated frustration persist in the presence of fear. 


Brown and Wagner (1964) have shown that Ss 
trained on either a 50% or a 100% reward schedule 
with gradually increasing shock were more resistant 
to extinction than Ss trained оп a 100% reward 
schedule without shock. The major purpose of the 
present study was to determine the joint effect of 
acquisition reward percentage and extinction pun- 
ishment intensity on extinction rate. The present 
study may be considered a replication of the Brown 
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and Wagner study except that (a) shock was com- 
bined with nonreward, whereas Brown and Wagner 
baited the goal box during the shock treatment, 
and (b) a wider range of percentage schedules and 
shock intensities was explored. 

Method.—The Ss were 144 experimentally naive 
male albino rats, 90-110 days old. The experi- 
mental design was a 4X 3X 2 factorial combining 
four percentages of reward (25%, 50%, 75006, and 
100%), three extinction punishment intensities (0, 
8, and 1.6 ma.), and two Es. Reward schedules 
for the partially rewarded groups were maintained 
within each day of training so that the 25% group 
was rewarded on 1 trial out of each block of 4 
trials, and so on for the other two groups. Re- 
ward was 8-45-mg. Noyes food pellets, and the 
intertrial interval was approximately 20 sec. The 
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NO SHOCK 


MEAN RECIPROCAL TOTAL RUNNING TIME 


5 10 15 20 
TRIALS 


Ne 1. Average running speed on each of the 20 extinction 
tials for the four groups receiving no shock during extinction. 


Ss were run 4 trials daily in a Hunter straight run- 
way for 48 acquisition trials and 1 trial daily for 
20 extinction trials. This l-trial procedure during 
extinction avoided lengthy running sessions which 
would have thrown Ss off their feeding and run- 
ning schedules. A more detailed description of the 
apparatus and the prehandling procedure is given 
elsewhere (cf. Ratliff, Koplin, & Clayton, 1968). 
Results and discussion —Total running times for 
both acquisition and extinction were transformed 
to reciprocals and were submitted to a repeated- 
measures analysis of variance. The analysis of the 
acquisition data revealed a significant main effect 
Of percentage of reward, F (3, 96) = 20.63, p< 
001, and a significant Percentage X Trials inter- 
action, F (141, 4512) — 4.10, ^ «001. This inter- 
action was due to the fact that the performance of 
the 100% group increased most rapidly during 
early trials, but the 75% group crossed over the 
100% group near the end of acquisition. No other 
effects were significant. 
The analysis of the extinction data yielded a sig- 
nificant main effect of shock intensity, F (2, 96) — 
89.61, р < .001, a significant main effect of acquisi- 
tion reward percentage, F (3, 96) = 10.24, p < .001, 
and a significant Reward Percentage X Shock In- 
tensity interaction, Е (6, 96) 2 3.11, Р «01. The 


Most important finding of the analysis, however, 
Percentage X Intensity 


Was the significant triple 

X Tue emotion, F (114, 1824) — 143, $ < 01, 
Since the major purpose of the present study focuses 
On possible differences in extinction. rate. This 
triple interaction is depicted in Fig. 1, 2 and 3 
and is subsequently described in some detail. 

Since there were differences among the four per- 
centage groups at the end of acquisition, the critical 
Question becomes whether the interaction involving 
trials was due to differences in extinction. rate 

eyond differences at the beginning of extinction 
(Anderson, 1963). To answer this question, two 
Methods suffice. First, visual comparisons were 


Made across the percentage conditions, holding 


Shock constant. Second, statistical tests were made 
These tests are not 


Within percentage groups. 


1.20) 


0.8 MILLIAMP SHOCK 


8 


b 
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o 


MEAN RECIPROCAL TOTAL RUNNINO TIME 
в 8 


TRIALS 


_ Fic. 2. Average running speed on each of the 20 extinc- 
tion trials for the four groups receiving .8-ma. shock during 


extinction. 


affected by differences in terminal acquisition per- 
formance since comparisons were made on Ss 
treated alike during acquisition. 

Extinction performance of the nonshocked groups 
is presented in Fig. l. There the typical partial 
reinforcement extinction effect can be observed. 

Extinction performance of the groups receiving 
.S-ma. shock is depicted in Fig. 2. Again, in gen- 
eral, the partial groups seem to be more resistant 
to extinction. This point is easily seen by com- 
paring the 2576 and 100% groups which began 
extinction at about the same speed. There is evi- 
dence, however, that the partial conditions were 
differentially affected by the addition of shock to 
nonreward. Note that 25% without shock (see 
Fig. 1) maintained the approach response at a 
level with, or above, the other two partial groups, 
but with .8-ma. shock (see Fig. 2) the 25% group 
was consistently slower throughout extinction. Thus, 
it appears that the 25% group was more affected 
by the addition of shock to nonreward than were 
the other partial groups. This effect is documented 
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o 
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o 
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MEAN RECIPROCAL TOTAL RUNNING TIME 
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Average running speed on each of the 20 extinc- 


Fis. 3. 
r the four groups receiving 1.6-ma. shock during 


tion trials fo 
extinction. 


ow 


more clearly after the more intense shock groups 
are considered. T. E 

Figure 3 shows the extinction curves for the 
1.6-ma. groups. Here the more intense punishment 
has produced very rapid extinction, which is essen- 
tially complete after five shocked trials. A Also, the 
more intense shock has virtually eliminated the 
effect of the acquisition variable although there isa 
slight suggestion that the 50% group is still some- 
what more resistant to extinction shock than the 
other groups. В 

Statistical tests were made of the overall extinc- 
tion performance within each percentage condition. 
As indicated, such tests should assess differences in 
extinction performance independent of differences 
at the beginning of extinction since the compari- 
sons are made among groups treated alike during 
acquisition. In general, the results of the tests 
strengthen the conclusion suggested by the visual 
inspection of Fig. 1, 2, and 3, viz, that for the 
100% and 25% groups the addition of moderate 
shock to nonreward was as deleterious as the more 
intense shock. In both cases the .8-ma. subgroup 
did not differ significantly from the 1.6-ma. sub- 
group ($2.10) whether by simple t tests or the 
more conservative Sheffé's correction for multiple 
comparisons. However, the .8-ma. subgroup means 
were significantly higher than the 1.6-ma. subgroup 
means for both the 50% and 75% conditions, even 
by Sheffé's test (р < .001). 

Thus, the present results simultaneously extend 
and suggest the limits of the findings of Brown and 
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Wagner (1964). It was found here that an ap- 
proach response which is only partially rewarded 
is less disrupted by shock than an approach re- 
sponse which is consistently rewarded. This holds 
for a wide range oí reward percentage, does not 
seem to depend on the presence oí reward during 
the shock phase, but apparently does not hold under 
conditions of very intense shock. The latter limita- 
tion does little damage to the theoretical treatment 
given by Brown and Wagner since it probably 
means that if extinction is very rapid it is difficult 
to detect an effect of acquisition treatment. Over- 
all, therefore, the results provide further support 
for a theoretical treatment. which emphasizes the 
similarities of nonreward and punishment; and the 
results may be interpreted to mean that Ss trained 
to approach in the presence of anticipated frustra- 
tion are more persistent in the presence of fear 
than Ss not trained in the presence of anticipated 
frustration. 
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CATEGORY NORMS FOR VERBAL ITEMS IN 56 CATEGORIES: 
A REPLICATION AND EXTENSION OF 


THE CONNECTICUT 


WILLIAM Е. BATTIG * 


University of Colorado 


Complete normative data are presented for res 
by students from the Universities of Maryland ( 


AILA43 categories from the Connecticu 
are presented for all responses given 
30 sec. Additional data inch 
first and mean rank of each re: 
measures and between the Maryland 
and (c) "category potency" measures 


In 1937, Cohen, Bousfield, and Whit- 
Marsh published as a mimeographed tech- 
nical report a set of norms representing the 
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^ CATEGORY NORMS? 
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AND 


pouses to 56 verbal categories 
N 2270) and Illinois (N = 172). 
t norms are included, and complete data 
by each У to each category label within 
er of times each response was given 
ions between the various 
and Illinois samples for each category, 
and ratings for each category. 

four responses given by each of 400 Uni- 
versity of Connecticut students to each of 
43 category names or descriptions. Attest- 
ing to the usefulness of these Connecticut 
category norms is the fact that the supply 
was completely exhausted within a few 
vears due to the heavy demand resulting 
from the marked recent increase in research 
on organizational processes in free recall 
learning and memory. Thus the limited 

edition of the Cohen et al. norms has now 

become perhaps the most valuable single 

publication, and certainly the hardest to 

obtain, in the area of verbal behavior. 

It was the inability of the first author to 
obtain a copy of the Cohen et al. norms that 
was directly responsible for the initiation of 
the present project at the University of 
Maryland in January 1965. His efforts to 
persuade Cohen of the desirability of 
reprinting the Connecticut norms were 
countered by Cohen's persuasive argument 
that after 8 yr. it would make more sense 
to redo them completely and bring them up 
to date. Ап end-of-semester excess of 
introductorv psychology students over 
available experiments made it possible to 
obtain data immediatelv from nearly 200 
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Ss run in five large groups in a classroom 
setting. During the spring semester and 
summer of 1965, additional Ss were run 
individually or in smaller groups, bringing 
the Maryland sample to a total of 270 Ss. 
Data from an additional 172 undergradu- 
ates at the University of Illinois were ob- 
tained by the second author during the 
spring of 1965. 

In addition to the 43 categories used by 
Cohen et al., 13 new categories were added, 
bringing the total to 56 categories. The 
added categories, identified as to numerical 
position in the norms as presented here, are 
the following: 


A Relative (No. 3) 

A Type of Reading Material (No. 6) 
A Kitchen Utensil (No. 11) 

A Part of Speech (No. 13) 

An Elective Office (No. 18) 

A Kind of Money (No. 35) 

A Type of Music (No. 36) 

A Nonalcoholic Beverage (No. 38) 
A Toy (No. 41) 

A Girl's First Name 
A City (No. 54) 

A State (No. 55) 

A College or University (No. 56) 


(No. 46) 


METHOD 


The present procedure, although basically similar 
to that used by Cohen et al. in most respects, in- 
corporated several important changes. All Ss were 
provided with a small spiral notebook with at least 
56 lined pages and were read the following instruc- 
tions: 


The purpose of this experiment is to find out what 
items or objects people commonly give as belong- 
ing to various categories or classes. The procedure 
will be as follows: First you will be given the name 
or description of a category. Then you will be 
given 30 sec. to write down in the notebook as 
many items included in that category as you can, 
in whatever order they happen to occur to you. 
For example, if you were given the category 
"seafood," you might respond with such items as 
lobster, shrimp, clam, oyster, herring, and so on. 
The words are to be written in the brown note- 
book, using a different page for each category. 
When you hear the word "Stop," you are to stop 
writing and turn over immediately to the next 
page of the notebook. You will then be given the 
name of another category, and again you are to 
write the names of as many members of that 
category as you can think of. This procedure will 


be continued through a total of 56 categories, and 
you are to use a different page of the notebook for 
each category. Now please open your notebook 
to the first page and get ready for the first 
category. 


For the initial large groups of Ss run at Maryland, 
both the instructions and category names were read 
by E from the front of the classroom, with timing 
accomplished by means of a stopclock. For these 
groups, five different unsystematic orders of pre- 
sentation of the 56 categories were used, which pro- 
vided that each category appeared in at least four 
different ordinal positions, with the mean position in 
sequence ranging between 21 and 36 for the various 
categories. One of these five orders, which had been 
used for the smallest of the five groups, was subse- 
quently tape-recorded along with the instructions, 
with 30-sec. blank intervals between successive 
category names. This tape was used for the remain- 
ing Maryland Ss and for all of the Illinois Ss. Each 
category label was always repeated twice to insure 
that it was heard and understood correctly by all Ss. 

The present procedure of allowing S to write down 
as many items for each category as he could in 30 
sec. permitted an assessment of relative frequency 
of responses to the various categories. Because this 
measure of “category potency” was precluded by the 
Cohen et al. procedure of requiring their Ss to write 
down exactly four items for each category, it was 
later decided to obtain a further index of relative 
number of responses to the 56 categories, Ratings 
on a 7-point scale of the number of items S could 
think of belonging to each category were subse- 
quently obtained from 207 introductory psychology 
students at the University of Maryland during @ 
classroom lecture period. None of these Ss had 
participated in the original scaling procedure, For 
each category, these Ss were instructed to circle one 
of the numbers from 1 through 7, with the words 
“попе,” "average," and “very many" appearing 
below the numbers 1, 4, and 7, respectively. These 
Ss were further instructed to "work rapidly, and to 
give your initial impression as to the number of 
Category members you could identify, rather than 
actually trying to count members of any individual 
category." The Categories were presented in the 
form of four-page booklets, 14 categories to a раве. 
To minimize sequential effects on the ratings, there 
were two different orders of the 14 categories for each 
of the four Pages, and the four pages wi 


j i ere unsystem- 
atically scrambled in order for differe 


nt booklets. 
RESULTS 

All legible responses made by each .S for 
each category were tallied separately for 
the Maryland and Illinois Samples. For the 
Maryland sample, the rank of each re- 
sponse in each S's response sequence for а 
given category was also recorded. The 
basic data, Presented in the separate tables 
for each of the 56 categories which follow: 
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thus consist of the following four measures 
for each response given with a total fre- 
quency of 10 or more. In the first column 
for each response is the total frequency of 
occurrence of that response for the entire 
sample of 442 Ss. For each category, the 
responses are ordered from most to least, 
With the responses numbered as to rank 
Order in this total frequency measure. 
Given in parentheses to the right of the 
total frequency measures are the numbers 
of times each response was given first in the 
response sequence (this number being 
omitted in all cases where the response was 
a given first). In the second and third 
«c umns are given the total frequencies (Ё) 
ашу for the Illinois (V=172) and 
Maryland (N=270) samples. In the 
ns and final column is given the mean 
ae position (R) of the response in the 
S uma sequence for each S in the Mary- 
таш sample who gave that response. This 
nk measure was not tabulated for the 
linois sample. 
gs Responses with a total frequency of nine 
Ж i are listed alphabetically with no 
HE down for the separate samples or rank 
"s Sures presented, but with number of 
Ms es a response was given first in the 
> Ponse sequence given in parentheses. 
Or those preferring this information in the 
orm of percentages, a conversion table is 
s esented as an appendix to these norms, 
milar to that of Cohen et al. (1957). 
a tabulating these norms, no attempt 
Bs S made to separate different forms of the 
€ me response, so that many of the re- 
Ponses actually include more than one 
Brammatical form or spelling of that re- 
= Onse, Synonymous responses with sub- 
pro tially different spellings, however, are 
ар ented separately. All legible responses 
Te included, even those which are ob- 
Ìously inappropriate to the category name. 
Spell; only those responses where a mis- 
e ing: was: serious enough to make it 
hclear what English word was represented 
ауе been excluded from these tabulations. 
n an effort to maintain consistency in 
ауен of ambiguous cases, all the 
ulations of the Maryland data were done 
Y the same individual, including recording 


of the ranks of occurrence. (It was this 
latter factor, incidentally, and a gross 
underestimate of the amount of time that 
this task would require that is largely 
responsible for the lengthy delay between 
the collection and presentation of the 
present data.) 

Several additional comparative measures 
obtained for the 56 individual categories 
are summarized in Table 1. In an attempt 
to determine the geographical stability of 
the response frequencies for the Maryland 
and Illinois samples, Pearson product- 
moment correlation coefficients were com- 
puted between the two sets of frequencies 
for all responses given at least five times for 
one of the two samples. These correlations 
are presented in Column 1 of Table 1; the 
categories in Table 1 (as well as in the basic 
data tables which follow) are ordered in 
terms of magnitude of this correlation. 
Also computed for each category was the 
correlation for the Maryland sample be- 
tween frequency (F) and rank (А) scores, 
including all responses given five or more 
times by this sample. These correlations 
are presented in Column 2 of Table 1. 
Column 3 contains the mean total number 
of responses for each category summed over 
both samples, whereas Column 4 contains 
the average rated frequency for each 
category. Also given in parentheses follow- 
ing each of the latter three indexes is the 
rank of the category for that index. 

Some general comments about the results 
resented in Table 1 would appear to be in 
order here. First, the correlations between 
the frequencies for the Maryland and 
Illinois samples offer impressive evidence 
for the generality of these norms, except 
those few categories where members of the 
category are quite differently distributed in 
the East and Midwest (e.g., geographical 
subdivisions such as states, cities, and 
colleges or other geographically dependent 
objects such as trees, ships, fish, and 
snakes). These are the only instances, 
however, where this correlation falls below 
.9, and the median correlation for the 56 
categories is .96. With the exception of 
states, all of these categories also show 


among the lowest frequency-rank cor- 


P 
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TABLE 1 


MEAN INTERCORRELATIONS AND Potency Mr 


ма..ш. 
1. A Precious Stone 997 i L11(- 
2. A Unit of Time .997 8.81(9) 5.02(22) 
3. A Relative .997 -S565(35) 9.2917) 5.87(5) 
+. A Unit of Distance 296 .810(3) 7.07 (20) 1.70028) 
5. A Metal z | 993 5 0.03032) 1.590033) 
6. A Туре of Reading Material 99] 54051) | 4 
7. A Military Title 990 OTH 30) Н 
8. A Four-Footed Animal | 989 9.031 8) Ы 
9. А cud of Cloth -988 5.9942) | 328413) 
10. A Color ‘O87 f 232022 кае 
11. A Kitchen Utensil E Money | asm ad 
12. A Building for Religious Services | .986 796(7 ИТ? ҮҮ? 
13.4 ‘Part of Speech | Уу " a 7) 140656) 4.40( 39) 
aot E .986 ( i 
14. An Article of Furniture | 985 ТӨ) СЫ) ү 5 
15. A Part of the Human Body | 984 ‘0491 25) il 3N 1) ) s zu um 
16. A Fruit 983 708) = ` S13 
7 я & : 3) 82014) 5.39(17 
A CM Шо tana | aaan | n 
‚Ап Е 07 y 
19. A Type of Human Dwelling HA бИ) 0.00410) T49(30) 
20. An Alcoholic Beverage ` E. m eM d 3.92(43) 1.74029) 
21. À Cotintry | EE A 540139) 6.03631) 4.80(26.5) 
22. A Crime: pu SHUT TRY 8.77(10) 5.73(8) 
23. A Carpenter's Too] is IT 1.91053) 4.60( 32) 
21 2 2 vo 978 10019) 6.10(40 4.09(49) 
25, д Sumber of the Clergy — 978 078021) 58204925) 4:02(80.5) 
A P ВЗ лав for Flavoring Food | 977 634129) 042035) L12047) 
20. À Type of Fuel p pen 0.42035 1.2 3 
27. An Occupation or Profession s e 23) ar) 1.02(50.5) 
2 Natural Earth Formation 1067 e po atl ) 5.02(11.5) 
29. A Sport [4 482041) ) 3.53(50) 
30. А Weather Phenomenon Gas pi 3) 5.83(0) 
31. An Article of Clothing 566: 293098) 3) 3.98(52) 
32. A Part of a Building | pr T3305) 5.02(11.5) 
33. A Chemical Element 902 4.20(43) 
34. A Musical Instrument ‘000 | 4.67(30) 
35. A Kind of Money ‘960 5.07(21) 
36. A Туре of Music 056 in 
37. A Bird b 4.43(3 
38. A Nonalcoholic Beverage nae 4.05(31) 
39. А Туре of Vehicle “OST | 6s a 5.53(13.5) 
40. A Science КТ 83002) me 
41. A Toy "oic Nuls 1.94(24 
42. A Type of Dance Eo | proie 5 5.10(20) 
43. A Vegetable 34i | ай О) 6.85( 26) 1.38(40) 
44. A Type of Footgear ‘on THE UAT Sa TA 
45. An Ínsect 913 | 9.82 (45,5 2804.5 
46. A Girl's First Name 9р | 2S1 20) 8.33(11) 4.32(42 
47. A Male's First Name “937 | 81051) 9.06(4) 6.05(3) 
48. A Flower ‘035 erie 10.76(2) 6.07(2) 
49. A Disease 906 1058) НЕ аи 
50. А Treg [ Ship po (38) 0.82(28) 14138) 
Sj, AA A ypesor s pU -252(55) 5.42(50 POE 
A Fish 824 340054) 085027) tror 
53. A Snake 097 400(50) 5.32(52) 3.78153) 
. A City [00089 | зм) THCS) 5.69(9) 
A State — | 207 | .665(22) 9.50(6) 61101) 
. A College or University |o 097 SU908) | 706021) 5.05010) 


relations for the Maryland sample. "Thus 
the considerable variations in the fre- 
quency-rank correlations appear at least 


partially attributable to differences in 


reliabilit y of the frequency Measure. ‘Those 
categories with the highest I-R correlations, 
however, seem to involve cases where the 
category includes a relatively small number 


CATEGORY NORMS FOR VERBAL. 


of predominant members and, or a con- 
sistent serial 
er., 


of these members 
unit of time, unit of distance, color, 
part of speech). Thus the rank information 
given in the present norms may be poten- 
tially quite useful, especially where it is 
Important to specify the order in which the 
responses typically occur. 


ordering 


Table 1 also shows a substantial vari- 
ation among categories both in the actual 
and rated response frequency measures. 
Further evidence for the existence of reli- 
able category differences in response fre- 
quency or potency is provided by the sub- 


Stantial positive correlations of the ratings ment of Psychology, University of Georgia, Athens, 
both with total actual frequency (06096) and Georgia 30001. 
List oF CATEGORIES 
Category Category Page 
l. A Precious Stone... rn A Sport. . ———— 23 
2. A Dnitef Time... i AW eather p henomenan овоо АВ 
3. A Relative. WA An Article of Clothing. .........-.. 24 
4. A Unit of Distance. X Part. of a Building... 2 25 
5. A Metal... er iepene omera co vacs A Chemical Element. .... яй дез кез: 26 
6. A Type of Reading Material. A Musical Instrument, ..... isse 27 
7. A Military Title... «es A Kind of Мопеу........:::...... AT 
8, A Four-Footed Апта, isse A Type of NIUsiG.a нач тре E 
9, A Kind of Cloth A Bird — etm — = 
10. A Color. NP ырайда A Nonalcoholic Beverage... -o-o 9 
11. A Kitchen Ute si аа А Туре of Vehicle. „аа ern i 
12. X Building for Religious Services A Science.. е 
13. А Part of Speech. A Toy. ase | 
14. An Article of Furniture A Type af Тап, — 2 
15. A Part of the Патап Body _A Vegetable ech bine s 
16. А Fruit Mm A Type of Footgear m 
VA Weapon.. A . qme m oe ZEE LL i 
18. An Elective Осе ‚з как B Male Pix N std UE inis 36 
19. A Type of Human Тева, i ler WSE МАШ е EREI еее з m 
20 average. A Flower... ee | 
С СҮ. Сэр о SY |801, Om 38 
CCP ы een 18 | 50. A Tree. | 38 
23, АС seus Tool. —Ó 19 | 51. A Type of Ship. . z 
24. 3 i "ТТТ ( 
24. A Member of the Clergy. - - 20 jn 2 ig Е a 
25. A Substance for Flavoring й, 20 53. Fi re uo eee LCR САТЫ ТУСТ. ri 
26. A Type of Fuel... ele AMET MAH и 
27. An Occupation or Profession ЭЯ А “ок = ые TUIS | 
28. A Natural Earth Formation. 22 | 56. А Coleg ——— I А 
A Precious STONE 
Total m Md. | Total M. Mad. 
ot. a h 
Response Fü F F R | Response F(ssü F Р R 
1. diamond 435(307) 170 265 1.52 | 4. sapphire 24507) 95 150 3.87 
2. ruby 419078) 164 255 2.25 | 5. pearl 1770 — 67 110 395 
3. emerald 329(14) 129 200 3.24 | 6. opal 100(8) M бо 473 


ITEMS 


I 


actual frequency for the Maryland sample 
alone (.665). These variations in category 
potency are clearly sufficient to be taken 
into account whenever categories or 
sponses therefrom are selected for 

particular investigation.? 


re- 
any 


3 While in the précess of tabulating these norms, 
the authors learned of a similar project undertaken 
at the University of Georgia by Karl P. Hunt and 
Milton H. Hodge which unfortunately involved 
sufficient procedural differences to preclude their 
combination or direct comparison with the present 
norms. These Georgia norms, however, include 
some 30 additional categories not used in the present 
study. Further. information about them can be 
obtained by contacting Milton Н. Hod, xe, Depart- 
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Total Ш. ма. Total Ml. Md 
Response F (ist) Р F R Response F (4st) F F R 
| 55 3 3 20 2.75 
PIE 84(1) 39 55 444 | 13. gem 30(12) i0 2 
s. TEA 72 32 40 4.73 | 14. aquamarine 27 10 17 ao 
: Р 62(1) 21 41 4.76 | 15. gold 2303) 8 15 + 
9. аен 59 27 89 529 | 16. silver 16 5 1i 43 
in ыі 44(2) 17 27 4.74 | 17. zircon 14 2 12 228 
12. Св 33 14 19 5.37 | 18. quartz 12 їз SH 
SIX—moonstone, star sapphire. 
FIVE—crystal. 


FOUR—alexandrite, cameo, jewel. . 

THREE—bloodstone, platinum, uranium. | | : | | 

TWO—amherst, black pearl, coral, ebony, granite, lapis lazuli, marble, peridot, rhinestone. | "- 

ONE--agate, aluminum, antique, black onyx, black sapphire, blockstone, bluestone, camellia, cat's-eye, 
cultured pearl, expensive, fire opal, garland, glitter, gold set, girl, Hope diamond, kidney, krypton, lime? 
stone, love, magnesium, mercury, paradox, pretty, sardonyx, scarab, star of India, steel, tigereye, white 
sapphire, zephyr. 


2. A Сміт oF Time 


Total ОШ. Md. Total ОШ. Md. 

Response F (ist) F F R Response F (ist) F Е R 
1. hour 433(75) 168 265 2.60 | 12. era 46 23 23 8.39 
2. minute 430(103) 166 264 1.92 | 13. score 46 15 31 848 
3. ѕесопа 426(170) 165 261 2.14 14. millenium 38 23 15 8.87 
4. уеаг 424(3) 172 252 5.93 | 15. fortnight 24 9 15 7.53 
5. day 404(13) 157 247 4.07 | 16. half hour 23 7 16 6.00 
6. century 359 142 217 7.93 | 17. age 20 7 13 9.62 
7. month 325 125 200 5.98 | 18. microsecond 20 6 14 7.50 
8. decade 31901) — 123 196 7.62 | 19. light-year 18 7 11 78 
9. week 280 111 169 541 | 20. eternity 13 т 6 833 
10. millisecond 4902) 27 22 26 | 21. generation 11 5 6 9.33 
11. еоп 148 20 28 8.29 | 22. epoch 10 5 5 840 
EIGHT—period. 
SIX—night. 


FIVE—infinity. 

FOUR—A.D., afternoon, B.C., degree, lifetime, moment (1), quarter hour, semester. 

THREE—centennial, clock (1), moon, one-tenth second (1). 

TWO—biennium, evening, half minute, split second, ten minutes, twenty-four hours. 

ONE—alarm, annually, ano, creation, dia, dynasty, eight hours, epic, fi 
minutes, four, half, half century, half second, hand, heart beat, inst: 


lunar month, lunch break, M, mean solar year, measure, mes, millimicrosecond, minute hand, minuto, 
morning, nanosecond, quart, quarter, quarter second, quarterly, sea: 
watch, three, tick, two, universe, watch, weekend, yesterday. 


3. A RELATIVE 
Total Ill. Md. 


Response F (ist) Е Е р Response F (ist) F F R 
£x 432(216) 166 266 2.80 | 15. mother-in-law 41 13 28 7.43 
Perd 427(33) 166 261 3.55 | 16. brotherinlany 38 11 27 7.33 
= Gather 373(33) 153 220 3.92 | 17. wife 37(1) 14 23 4.43 
4. mother 370(96) 154 216 3.44 | 1g. great-aunt 34 10 24 8.96 
M 35413) 142 212 5.09 | 19. sister-in-law 33 10 23 7.61 
оф тт 351(3) 139 212 5.08 | 20. father-in-law 27 8 19 8.63 
go 340(23) 132 218 5.83 | 21. grandparents 211) — 11 10 6.90 
а а фаг 314(9) 126 188 6.79 | 22. second cousin 17(1) 4 13 6.31 
aee m 3042) 121 183 7.15 | 23. grandmom 17(1) 2 15 6.93 
гапы 143(1) — 59 84 744 | 24 great-uncle 16 5 11 8.64 
10, nep 138(3) 53 85 7.02 | 25. grandpop T 1 13 6.92 
11. Ha d 46 19 27 7.37 | 26. great-grandfather 12 5 791 
12. husban 43(1) 12 31 7.81 | 27. great-grandmother 11 6 5 7.40 
13. son ier 41 10 31 8.58 | 28. in-laws 11 4 7 786 
. daug: 


- 
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NINE dad (1), mom (3). 
EIGH T—child( ren). 
SE 7EN—grandson. 
SIN—granddaughter. 
FIVE—parents, stepfather. 
FOUR—stepsister. 
TEE ms cousin, godmother, godparents, half brother, half sister, stepbrother, stepmother, stepson. 
ONE great-grandparents, son-in-law. 
pops duchess, godchild, goddaughter, godson, granddad, grandnephew, great-great-grandmother 
| great-great-grandpop, home, removed, sibling, stepdaughter, stepparent, third cousin. 


4. A Unit or DISTANCE 


Total ОШ. Md. Total — Hl. Md. 
Response F (as) F F R | Response Е (15) F Е R 
1. mile 438(164) 171 267 2.84 11. decimeter 45 11 34 7.32 
35, foot 417(81) 163 254 2.54 12. block 30(2) 16 14 4.14 
3. inch 411(159) 157 254 2.48 | 13. league 38 10 18 6.22 
1. yard 362(9) 142 220 4.05 | 14. acre 26 7 19 5.68 
>. meter 314(5) 128 186 4.94 | 15. fathom 26 13 1$ 623 
fi. centimeter 257(7) 98 159 5.11 | 16. knot 24(1) — 13 11 6.09 
7. kilometer 216 84 132 6.16 | 17. furlong 22 12 10 5.80 
8. millimeter 183(5) 64 119 5.81 | 18. angstrom unit 11(1) 4 7 144 
9. rod 132 53 79 5.20 | 19. micron 10(1) 6 4 5.50 
55(4) 23 32 6.09 


10. light-year 


SI X—parsec. 

FIVE-—chain, cubit. 

FOUR—micrometer, span. 

THREE—degree, half mile, liter, millimicron, pace, square, square yard, step. 

l'WO-—half inch, kilogram, length, measured in time, milligram, nautical mile, quarter inch, quarter mile, 
square foot, square inch, square mile. 

ONE—A, accurate, across country, arc, centigram, cubic centimeter, eighth inch, eon, far, forearm, four 

miles, gram, hand, hecameter, hectometer, hour, kilowatt, laps, light-mile, long mark twain, 

millenium, milliliter, minute, nearby, ounce (1), 

d miles, three years, 


hundred fifty 
metric mile, microliter, micromillimeter, miles per hour, 
pound, quarter foot, radian, radius, ruler, run, sections, tetrameter, thousand, thousan 


time (1), ton, track, trip, twenty minutes, voyage, yonder. 


5. A METAL* 


Total ПІ. ма. 
Response F (ist) F F К Response F (ist) F F К 

1. iron 353(157) 143 210 2.47 | 14. nickel 68(2) 25 43 4.72 
2. copper 309(38) 125 184 3.56 | 15. sodium 41(2) 8 33 485 
3. steel 281(54) 112 169 3.38 | 16. mercury 30(2) 10 20 5.75 
1. gold 270(70) 112 158 3.68 | 17. potassium 30(1) 9 21 4.86 
5. aluminum 259(28) 106 153 4.22 | 18. manganese 24(1) 7 17 5.88 
6. silver 953(15) 105 148 422 | 19. uranium 24 11 13 5.62 
7. tin 173(26) 65 108 4.52 | 20. tungsten 21 9 12 650 
8. zinc 130(8) 44 86 4.22 | 21. cobalt 18 6 12 692 
9. brass 914) 45 52 4.07 | 22. titanium 18 10 8 675 
10. lead 96(1) 40 56 4.80 | 23. chromium 14(1) 4 10 5.50 
11. bronze в) 32 46 4.76 | 24. ore 13 4 9 356 
12, magnesium 75 29 46 5.02 | 25. cadmium 11 3 8 5.13 
13. platinum fau 28 41 554 | 26, lithium 102) à 6 450 
ip calloy (1), calcium (1), rubidium. 

FO E—beryllium. T" | 
TE R—barium, chrome, francium, good conduct (2), molybdenum, pew ter. 
AHREE--bismuth, boron, cesium, radium, sulfur. А . 

palladium, phosphorus, plutonium, purple heart 


O—antimony, argon, carbon, car, medal of honor (1), 


(1), solder, zirconium. 


ag т 
Some Ss understood “Metal” as '' Medal. 
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i id, base (1), bauxite, beams (1), best drilled, borax, box, bravery medal, bromic, pom ЖЫЙ, 

Bim am ast iron chemical clank, coke, color guard, counter, desk, disprosium, distinguishec 
borunk dis d d service foil football medal, forgetting (1), gallium, galvanized iron, germanium, 
erase (n ger ess prey gun hafnium, hard, highest average, hydrogen, industry, iron ore (1), legion 
glass, pond ie: % 1) тей] of ҮНЕР, mineral, no demerits, osmium, pans, pig iron, plane, plate, polonium, 
" pee RH nune resources, rhodium, ring (1), rubber metal, rust, ruthenium, scrap metal, set, 
m Dai fa huy Shoe, shop, silicon, silver plate, silver star, stainless steel, strong, swimming medal 
FE gb thallium, train; vanadium (1), wall constructions, water, wire, wolfram. 


б. А TYPE or READING MATERIAL 


Total П. Md. Total Ill. Md. 

Response Е (ist) F Е R Response Е (ist) F F R 
azi 375(24) 148 227 2.67 | 17. poem 24(2) 9 15 4.93 
Y be S 370(317) 137 233 1.19 | 18. leaflet 3 о 16 Ey 
3. newspaper 295(21) 119 176 3.31 | 19. fiction 2005) s 15 567 
4. pamphlet 200(5) 86 114 3.64 20. paperback 19 1) ) 10 E 
5. novel 103(31) 43 60 3.30 21. poster 17 10 7 FA 
6. text(book) 75(10) 32 43 414 | 22. bulletin 15 S 10 e 
7. paper 61(2) 21 40 3.80 | 23. Bible 14 104 i5) 
8. comic book 57(1) 24 33 421 24. poetry HOD 6 8 rE 
9. short story 47(1) 21 26 458 | 25. brochure 12 3 9 4.89 
10. journal 39(1) 16 23 4.78 | 26. dictionary 12 i T 
11. article 36(2) 12 24 4.58 | 27. note(s) 12 о 6 4.67 
12. letter 35(1) 13 22 4.05 | 28. nonfiction T 5 6 PES 
13. play 31(1) 17 14 4.50 | 29. biography 10 1 9 "m 
14. encyclopedia 28 8 20 5.20 | 30. booklet 10 1 3 46 А 
15. essay 28(1) 10 18 433 | 31. digest 10 6 4 67 

16. periodical 25 9 16 550 


NINE—circular, history (1), report, thesis. 

EIGHT—manuscript, sign. 

SEVEN—billboard, Playboy (1), reference (1), science fiction. 

SIX—card, editorials, folder, scroll, story, theme. 

FIVE—mystery. 

FOUR—advertisement, cartoon, label, literature (1 
ture, sheet, telephone directory, Time (1). 

THREE—autobiography, catalogue, drama (1), flyer, instructions, pocketbook (1), Pornography (1), term 
Paper. 

TWO—almanac, cereal box, chronicle, classics, comic strip, composition, cookbook, 
handout, jokes, Mad, manual, medical journal (1), microfilm, mimeographed 
week, notice, novella, postcard, Program, racing form, review, Script, stock 
volume. 

ONE—academic, address, analysis, art, book marker, calend. 


events, data, direction sheet, directory, diary, documentary, English literature, epic, epoch, Esquire, 
Fashion, files, film, French, Gem, Glamour, gum wrapper, handbills, index, license plate, Life, list, love 
story, lye, magazine article (1), microfilm, morality, movie guide, musical, National Observer, Nuggel, 
opera, outline, philosophy, photo, pleasure, print, profane, psychology, question, rake (1), Reader's Digest, 
recipe, religion, romance, Salinger, sciences, short novel, Sickle (1), single sheet, sketch, slides, songbook, 
speech, sports, sports magazine, Star, tablet, tabloid, test, ticker tape, trade book, travel books, travel 
guide, T. V. Criticisms, T. V. Guide, U. S. News and World Report, Washington Daily News, workbook, 


), Look (1), notebook, novelette, prose, scientific litera- 


dittoed sheet, document, 
sheet, music, news, News- 
report, tract, travelogue, 


ar, clepe, comedy, Consumer's Report, current 


yearbook. 
7. A MILITARY Ттт. 
Total Ш. ма. Total Ш. ма. 
Response Е (ist) Р F R Response F (ist) Р F R 
1. lieutenant 362(42) 153 209 3.83 8. corporal 169(5) 66 103 4.54 
2. general 339(102) 134 205 3.54 | 9. admiral 146(10) 62 84 5.00 
3. sergeant 332(41) 133 199 370 | 10. commander 80(10) 34 52 440 
4. private 308(62) 125 183 4.03 | 11, ensign 65(5) 25 40 5.03 
5. captain 295(62) 102 193 3.31 | 12. lieutenant colonel 40(2) 8 32 510 
6. colonel 249(59) 94 155 321 13. private first class 25(2) 8 17 LM 
7. тајог 243(22) 92 151 3.98 | 14 brigadier general 24 8 16 59 
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Total m. Md | Total Ill. Md. 
Response F (ist) F F К Response F (ist) Р F R 
tos second lieutenant 2421 { 20 545 | 20. airman 12(1) 2 10 6.70 
7 first lieutenant 1o 2 14 529] 21. commander in chief 1102) 5 о 4.83 
is major general 5 5 10 6.00 | 22. sir Ind 6 5 4.80 
8. master sergeant 13 13 646 | 23. lieutenant general 10 3 7 6.29 
19. seaman 3 } 9 7.07 


NINE—boatswain. 

E GH'T—chief (2), lieutenant commander. 

S VEN— cadet, officer (1). 

SIN - -commodore, staff sergeant. 

FIVE- —midshipman, military police. 

FOUR five-star general, lieutenant junior grade, marshal, petty officer, president. 

THRE airman first cl boatswain's mate, buck private (1), field marshal. 

IWO-—airman second cl airman third. class, bottle (1), chief of staff, commandant, first sergeant, jar, 
lame corporal, mate, noncommissioned officer, plebe, rear admiral, sailor, seaman first class, seaman 
second class, specialist, technical sergeant, vice admiral, warrant officer. 

ONE—adjutant, ambassador, AP, army (1), box (1), brigadier, chaplain, chief of naval operations, chief 
petty officer, chief steward, coronet, doctor, first-class man, first mate, foot soldier, general in chief, GI, 
jeep (1), jug, junior grade, major lieutenant, marine, military attaché, mister, mug, navy, nonsense, officer 
trst class, pilot, platoon captain, platoon sergeant, private second class, respect cout, second sergeant, 


secretary of defense, sergeant first class, sergeant general, shipman, soldier, specialist fifth clas pecialist 
fourth class, squad leader, warden, yardbird, yeoman. 
8. A Fotr-Foorep ANIMAL 
Total ni. Md. Total Ill. Md. 
Response Fits) E F R Response Füst F F R 

1. dog 426(252) 165 261 1.77 22. mule 40 18 28 5.75 
2. cat 412024) 158 254 2.74 23. fox 4401) 26 18 6.11 
3. horse 348(96) 142 206 3.40 24. bull 40 12 28 6.64 
4. cow 284(25) 122 162 4.14 25. buffalo 3 3 11 7.36 
5. lion 225(2) 84 141 0.26 | 26. moose 33 14 19 7.84 
6. tiger 203(1) 80 123 6.89 | 27. rhinoceros 31 9 22 7.64 
7. elephant 182(3) 71 111 6.50 | 28. camel 28 10 18 7.39 
8. pig 142(2) 62 80 5.41 | 29. antelope 27 12 18 9.07 
9. bear 129(15) 50 30. hippopotamus 20 8 18 7.50 
10. mouse 118(1) 50 31. lamb 26 10 16 6.38 
11. rat 112 52 32. monkey 23 7 16 6.25 
12. deer 95(5) 41 33. raccoon 23 т 16 6.38 
13. sheep 85 34 34. panther 21 10 11 7.64 
14. giraffe 811) 3 35. llama 17 5 14 871 
15. goat 76 p 36. skunk 15(2) 7 8 5.13 
16. zebra 70 28 37. cheetah 14 6 8 7.13 
17. squirrel 56(1) 27 38. jaguar 140) 5 9 7.33 
18. wolf 55 27 39. beaver 13 7 6 7.00 
19, donkey 48 16 40. gazelle 1201) 6 6 8.17 
20. rabbit 48(2) 21 ; 41. turtle 12 - 12 642 
21. leopard 46 ) 25 820 | 42. elk 11 6 8 920 


NINE—chipmunk, coyote, gnu, hamster, pony. 
EIGH T—anteater (1), opossum (1). 
SEVEN-—puma, steer. 
E X—hyena, ох. 
[LV E—calf, lynx, rodent. 
КОО R—alligator, ape, bison, cattl ; 
THREE—ass, baby, cougar, crocodile, frog, jackass, Кап 
lWO.—aardvark, boar, bobcat, chimpanzee, gopher, gorill 
onl wild beast. 
NE—ant, badger, bird, brakem: 
guinea pig, iguana, impala, jackal, kitten, i 
roach (1), shrew, sloth, snake, sow, tiny, tortoise, 


e, dinosaur, groundhog, hog, lizard, man, mink, mountain lion, tapir. 

] _ 

kangaroo, ocelot, otter, reindeer, weasel. 

a (1), muskrat, platypus, porcupine, salamander 


in, buck, burro, cobra, colt, cub, dromedary, fawn, German shepherd 
, А : ] 
man on fours, min (1), mole, mountain goat, polar bear, ram 
ungulate, walrus, water buffalo, wildcat. 
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9. A Кіхр оғ Стотн 


Total Ill. Md. | Total Il. Md. e 
Response (їй F FP R Response Fils) F F OR 

404(174) 164 240 2 21 18. acetate 17 6 11 5.00 
x oo a 347(57) 131 216 3.29 | 19, terry cloth 16(7) 1 15 ei 
3. silk 292(69) 109 183 291 20. broadcloth 15(3) 5 10 "em 
4. rayon 225(19) 87 138 3.87 | 21. muslin 15(3) 7 8 313 
5. nylon 210(12) 78 132 4.39 22. jersey 14 7 7 6.00 
6. dacron 153(3) 58 95 4.60 | 23. tweed 14(3) 6 8 4.88 
7. linen 142(35) OL 81 315] 24 brocade 13(1) 5 8 5.38 
8. satin 78(7) 28 50 336 | 25. Seersucker 13 5 8 6.38 
9. orlon 74 22 52 5.12 | 26. canvas 12 2 10 6.00 
10. madras 324) 25 7 5,7 | 27 taffeta 12 7 5 620 
11. velvet 32(6) 6 26 4.73 | 28. acrilan 11 4 7 5.29 
12. burlap 29(6) 12 17 4.65 29. chiffon 11 6 5 5.20 
13. denim 29 11 18 5.06 | 30, crepe 11 4 Т 5.71 
14. corduroy 27 11 16 5.88 | 31. felt 1110) 4 7 4.86 
15. flannel 25(2) 8 17 5.88 | 32. gaberdine 11 з 8 538 
16. mohair 19 4 15 507 | 33. calico 10(2) 7 3 3.07 
17. cheesecloth 18(7) $ 1$ 507 | 34 lace 10 6 4 5.75 


NINE—gingham (3), sailcloth (1), synthetics, 

EIGHT—arnel, knit, Peau de soie (1), 

SEVEN—suede, tablecloth (4). 

SIX—cashmere, oxford (1), polyester, 

FIVE—banlon, leather, organdy, percale, piqué, polished cotton, shantung, Sharkskin, worsted. 
FOUR—dustcloth, flax, kodel, oilcloth. 


THREE—batiste, celanese, chamois (1), chintz, dishcloth, plaid, plastic, rag (1), serge (1), velveteen 
washcloth. 

TWO—alpaca, antron, damask, fabric (1), fortrel, homespun, hopsacking, loin (1), organza, pelon, poplin, 
rough, sheer, sheet, soft, Stay prest, surrah, towel, twill, whipped cream, yarn. 

NE—acron, anthron, argyle, artificial, asbestos, bath towel, bearskin, blemish (1), bunny fur, card, 
chambray, chenille, chino, cloth (1), Coarse, colonial, colored, decton, dent, dish towel (1), dotted swiss, 

, face towel, feeling, fiber glass, flour sack, fur, gold (1), hair, hard, hemp, herringbone, 

horsehair, Indian head, lamb's wool, latex, linsey-woolsey, loops, mar, mesh fiber, mink, net, new, no 
ironing, pillowcase, Pyge, quick drying, rich, sable, sack, sailtone, sanforized, sateen, shafaron, sheepskin, 

shirt, silicone, sixty-five percent rayon-thirty-five percent cotton, skin, smith, steel, Swaddling, tanlon, 

tapestry, taupe, tear, teflon, texture, thread (1), velour, verel, voile, weave, wood Pulp, woven. 


10. А Coron 


Total Ш. Md. Total Ш, Md. 


Response F (ist) F p R Response F (ist) F F R 
1. blue 438(77) 169 269 160 14. gold 56 19 37 7.54 
2. red 435(319) 166 269 570 15. indigo 47 21 26 7.85 
3. green 431(9) 169 262 3.96 | 16. тагооп 46 20 26 8.46 
4. yellow 387(9) 152 235 474 17. chartreuse 42 26 16 9.13 
5. orange 382(6) 154 228 540 18. tan 42 13 29 9.66 
6. black 314(8) 111 203 640 19. lavender 37 12 25 7.56 
T. purple 282 27 185 6.89 | 20. beige 35 10 25 9.56 
Bi white 272(2) 86 186 6.65 | 21. silver 32 9 23 874 
9. pink 224(8) — 94 130 673 | 22. aqua 31 14 17 8.06 
JD uum 217(2) 80 137 767 | 23. magenta 21 9 12 747 
i. violet 1531) 62 91 722 | 24. olive 15 10 5 840 
1d. gray 94 29 65 8.66 | 25. rose 14 8 6 9.67 
13. turquoise 71(1) 27 44 798 | 26. mauve 13 9 д 9.25 
NINE—navy. 


T—blue green, scarlet. 
SEUEN hup ony fuchsia. 
SIX—azure, cranberry, flesh. 
FIVE—crimson, yellow green. 
FOUR—orchid, peach. 
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THREE—amber, aquamarine, blond, emerald, ivory, lemon, red orange, salmon. 
: TM O—auburn, carmine, cream, heliotrope, lilac, ocher, red violet, ruby, tangerine. 
^ ONE—alizarin, blood red, blue violet, Bordeaux, bright, bronze, camel, charcoal, chestnut, coffee, cold, 
copper, coral, crayon, deep blue, dull, ebony, eggshell white, fawn, green blue, gut green, hazel, henna, 
hunter green, infrared, light, lime, linse, mint, mist, multi-, opaque, paint, peacock, persimmon, plum, 
quality, raw umber, russet, rust, shrimp, slow, sunset, taupe, tawny, terra-cotta, ultramarine, ultraviolet, 


warm, wine, yellow ocher. 


11. A KITCHEN UTENSIL 


Total ОШ. Md. Total Ш. Md. 


Response F (dis) Р Р R Response F (ist) F F R 
l. knife 382(172) 151 231 2.37 | 20. sink 31(2) 6 25 6.64 
2. spoon 369(80) 146 223 2.86 | 21. glass 27 13 14 6.93 
3. fork 349(54) 126 213 2.75 | 22. toaster 26(1) 7 19 7.05 
M pan 242(18) 90 152 3.70 | 23. strainer 25(1) 11 14 6.07 
э. pot 205(56) 73 132 3.33 | 24. ladle 23(1) 10 13 5.23 
6. spatula 155(11) 57 98 4.73 | 25. measuring spoons 22 10 12 5:25 
Í. can opener 103(9) 36 67 548 | 26. oven 21 3 18 5.50 
8. stove 74(5) 19 55 5.47 | 27. saucer 17 9 8 5.13 
9. bowl 69(3) 29 40 6.08 | 28. blender 14 2 412 6.50 
10, mixer 74(3) 41 33 5.67 | 29. rolling pin 14(2 7 7 4.00 
11. cup 49 22 27 6.56 | 30. pot holder 13 4 9 6.00 
12. dish 42(1) 15 27 6.07 | 31. sifter 12 6 6 6.33 
13. beater 39(1) 21 18 5.33 | 32. coffee pot 11 6 5 640 
14, measuring cup 38(1) 16 22 5.91 | 33. cutting board 11 4 7 6.14 
15. frying pan 35(4) 12 23 5.74 | 34. ice box 11 5 6 5.00 
16. plate 34 13 21 6.71 | 35. scraper 11 2 9 6.00 
17. skillet 34(5) 16 18 5.06 | 36. colander 10 3 1 5/41 
18. egg beater 32(6) 12 22 4.09 | 37. sauce рап 10 з 7 4.14 

32 7 235 6.72 


19, refrigerator 


NINE—bottle opener, knife sharpener, potato peeler, tongs. 
EIGHT—broiler, dishwasher, grater, kettle, potato masher, sieve. 
SEVEN—lid, mixmaster, pancake turner (1), table. 
SIX—opener, paring knife, pressure cooker, sponge. 
FIVE—platter, salt and pepper shakers. 
FOUR—cake pan, carving knife, dishpan, grille, jar, roaster, serving spoon, thermometer, towel. . 
THREE—butcher knife, clock, cookie sheet, dipper, dishrag, double boiler, flipper, food (1), freezer, grinder, 
hot pad, osterizer, salad fork, scissors, soup spoon, tablespoon, teaspoon, washrag, wooden board. 
TWO—bread board, bread knife, broom, butter knife, cabinets, cake knife, canister, casserole, chopper, 
church key, cleaver, coffee maker, corkscrew, dustpan, hot holder, meat cleaver, mixing bowl, pie pan, 


Prongs, range, scouring pad, sheet, soup ladle, stirring spoon (1), Lee mon, " М . 
NE—baker, baking spoon, baster, beer opener, bottle stopper, brush, cake mixer, carrot peeler, carving 


fork, chair, cheese slicer, cooking fork, cooking oil, cutlery, garbage disposal, dicer, dish rod, door, drainer, 
dustpan, Dutch oven, egg turuer, electric skillet, finger glass, flour sifter, flour shaker, funnel, griddle, 
hamburger turner, heat pad, heater, holder, housewife, ice-cream scoop, 1Ce crusher, ice-cube tray, ice pick, 


icer, long fork, masher, measuring glass, meat grinder, еа maker, mon e nut chopper, 
Orange juice, paddle, pan top, pancake flipper, parer, peeler, pie Dm pie um: P ace mat, popcorn 
Popper, roasting pan, rubber spatula, salad bowl, scale, seram er, scrub Red m sectioner, 
Server, serving fork, shears, silver, silverware, slicer, spices, skewer, soap, spice tae с, spider, spit, spreader, 
Steamer, stir, stirrer, sugar bowl, tea kettle (1), teflon pan, timer, top, waffle mixer, washing machine, 
wire whip. 


12. A BUILDING FOR RELIGIOUS SERVICES 
Total Ill. Md. 


Total lll. Md. 
Response Е (st) F F R Response Е (ist) F Е R 
1. church 435(357) 165 270 1.27 | 6. mosque 115(2) 48 67 363 
2. synagogue 356(34) 129 227 2.37 | 7. shrine 42 10 32 4.69 
3. temple 272(30) 116 156 2.91 | 8. monastery 27 б 0 aig 
4, chapel 196(7) 71 125 3.13 | 9. tabernacle 23 10 13 37; 
5. cathedral 166(4) 10 96 3.74 | 10. pagoda 21 18 3 5.00 
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Total Hi. Md. | Total Hl. Md. 
Response BOdsth Ж We R Response Bsp FE F R 
11. sanctuary 21(1) 7 14 3.79 | 14. house 10 > 8 3.50 
12. teat 15 B 3a | 15. shul rna | 6 X8 
13. parish 13 2 bb 36] 


EIGH T— basilica, convent. 

SEVEN—home, school. 

SIX—House of God. 

FIVE—altar (1), hall, meetinghouse. 

FOUR—abbey, auditorium, mission, priest, rectory. 

THREE—catacomb, foundation, house of worship, meeting hall 

TWO—assembly hall, building, cross (1), funeral home, Mass, n 

ONE—amphitheater, arc, arch, Aztec temple, Bahai, Baptist, 
bethel, bimah, bush, carpeting, Catholic, Catholic church, 
classroom, coliseum, community center, community hall 
forest, God, palace, gospel hall, gothic, gymnasium, heav 
Jewish church, kirk, kitchen, lectern, little red church, Luth 
modern, monkery, Moslem, motel, northern, Notre Dame, nuns, oratory, organ, orthodox, outdoor church, 
parsonage, prayer, preacher, Presbyterian, Quaker meetinghouse, rabbi, reading room, reverend, sacristy) 
school auditorium, sermon, small church, stained glass, station, steeple, Sunday school, Taj Mahal, tall, 
teacher, Torah, transept, truck, underground tunnel, Wesley, wood, world, worship house. 


‚ parish hall, pyramid, seminary. 

unnery, pews (1), retreat, tower. 

Baptist home, barn, battlements, benches, 
cave, center, chancellery, chattel, choir loft, 
congregation, erypt, eglise, Episcopal, father, 
en, Hillel, holy place, hotel, hymnals, Jewish, 
eran, man, mausoleum, McKinley, missionary, 


13. A Part ОЕ SPEECH 


Total Ш. ма. Total ШШ. Md. 

Response Fi Ж О Ж x Response Bist) eo ge R 
1. noun 371( 190) 134 237 1.76 | 16. indirect abject M) 2 22 6.50 
2. adjective 339013) 123 216 3.85 | 17. sounds 3 15 6 3.00 
3. pronoun 332(4) 85 147 3.80 - sentences 21 8 13 402 
4. verb 330(132) 123 237 2.22 | 19. vowels 2010) 14 0 339 
5. adverb _ 326(4) 121 205 4.08 . infinitive 18(1) 5 13 685 
6. conjunction 169 60 109 5.92 - object 18 14 5.21 
yj preposition 169(3) 61 108 5.52 . mouth 16(3) 0 6 3.33 
8. interjection 85 37 48 6.23 - predicate 14 4 10 5.20 
9. participle 56(4) 16 40 4.98 . teeth 14 9 s 5.00 
10. gerund 350) — 12 зз 530 | 25 clause 13 ; 6 5.50 
11. words 42(24) 22 20 1.95 - consonant 13 11 2 5.00 
12. article 33) — 8 31 5.68 | 27. phrases 12 т 50:80 
13. subject 33(3) 7 25 424 . lips 11(1) 6 5 3.00 
14. direct object 29 3 26 5.31 . modifier 10 1 951 
15. tongue 27(8) 18 9 367 . voice 10(6) 5 5 1.40 


EIGHT—voeal cords (3). 

SIX—diction (3), larynx (3), syllables (1). 

FIVE—noises, talking (1), throat. 

FOUR—articulation (1), brain (1), excl 
tone (1). 

THREE—antecedent, appositive, expletive, grammar (1), 1 
predicate noun, proper noun, simile, uvula, verbal, vocabulary, 

TWO—alphabet, articulators, comma, compound, conversation, dia 
inflection, jaw, letters, lisp, meanings, message PE 
syntax, verb clause. 

ONE—accent, acting, adverbial phrase, aeiou (1), air, allitera 
breathing, clear, click, communicating, conjunctive adverb, contraction, cortex, dangling participle, 
delivery, demonstrative adjective, dental, dictionary, diphthong, discussion, disk jockeying, expire 
breathing, fools, future tense, gerundive, gestures, gurgle, gutteral, harmony (1), hear, helping verb, 
homonym (1), idiom, idiots, imperative, indirect Speech, intonation, laughing, linkin : verb listeners, lou 
loudness, mind, motions, muscles, nasal, nasal Cavity, nerves, neurons, PUMA E nose noun clauses 
noun of direct address, onomonophia, opening statement, oral, oral cavity, oration A phrase рагу, 
past participle, past tense, pauses, people, period, Personification, pharynx, phonetics, ee present 
participle, present tense, proverb, question, question mark, reflexive verb, relative pronoun, signs, so! 


amation, object of preposition, predicate adjective, pronunciation 


anguage (2), metaphor (1), palate, paragraph» 


phragm, ear, enunciation, hearing: 
» movements, phoneme (2), pitch, predicate nominative 


tion (1), alveolar, article adverb, body, breath, 
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asi sound waves, sounding board, speaking, speeches, statement, stuttering, subordinate conjunction 
Super ative, symbols, synonym, thorax, thoughts, understanding (1), velum, vibrating canals, vibration 
p T $ . К + t 
ocal, vocal folds, voice modulation (1), volume, word choice, world. 

14. AN ARTICLE OF FURNITURE 


Total Iit. Md. 


Response F (ist) F F R Response Fist) T F R 
5 chair 440(316) 171 269 141 | 20. end table M 13 11 645 
?. table 408(40) 163 245 2.85 | 21. radio 21 12 12 6.92 
3. bed 328(33) 123 205 3.63 | 22. stereo 18 9 9 4.56 
4. sofa 532031) 85 147 348 | 23. hi-fi 17 9 8 7.50 
9. desk 230(7) 96 134 4.54 | 24. picture 15 5 10 6.10 
6. lamp 227(1) 100 127 5.28 | 25. davenport 13(1) 4 9 4.56 
7. couch 168(8) 71 97 3.35 | 26. love seat 13(1) 8 5 6.20 
8. dresser 143 59 84 6.11 | 27. bench 12 3 9 5.00 
9. television 105(1) 47 58 6.05 | 28. divan 11 8 3 533 
10. stool 72 24 48 5.21 | 29. hassock 11 à "55:57 
11. bureau m 7 57 6.09 | 30. lounge 11 S 6 483 
12. rug 51 21 30 5.17 | 31. mirror и à T 543 
13. coffee table 44 17 27 5.89 | 32. refrigerator 11 4 7 8.00 
Ц. bookcase 43 10 33 6.36 | 33. chest of drawers 10 2 8 7.38 
15. cabinet 41 15 26 6.38 | 34. china closet 10 = 10 760 
16. chest 41 23 18 6.27 | 35. night table 10 ze О 
17. piano 30 14 16 5.81 | 36. rocker 10 8 7.25 
18. footstool 29 {& 15 5.53 | 37. stove 10 6 4 8025 
19. buffet 27 S 19 640 


EIGH T—night stand. 

SEVEN—drawers, hutch, lounge chair, shelf, vanity. 

SIX—bar, chaise lounge, vanity table. 

FIVE—ashtray, breakfront, cupboard, easy chair, ottoman, rocking chair. 

FOUR—drapes, organ, record player, sink, stand. 

THREE—armchair, cedar chest, clock, counter, crib, cu 
settee, sewing machine, vase. 
WO—cadenza, chaise, closet, cot, curtains, dining-room table, high chair, 
divider, round table, secretary, seat, side table. 


NE—alcove, armoire, bed stand, bed table, blackboard, bo 
buffet table, bureau drawers, carpet, case, china cabinet, cobbler's bench, cocktail table, commode, console, 


Console television, cossack, cot, cradle, desk blotter, desk chair, dining-room chair, dish washer, door, dorm 
Chair, dresser drawers, fan, floor lamp, freezer, fruit, hair, hammock, hat rack, ladder, lamp table, lawn 


chair, leg, light fixture, liquor cabinet, mantle, medicine cabinet, ornaments, oven, paintings, piano bench, 
Podium, pole lamp, reading lamp, reclining chair, record cabinet, server, sideboard, speaker box, tea 
Wagon, telephone table, trunk, van, vanity case, waste can, wicker chest, workbench. 


ishion, dinette, lights, magazine rack, phonograph, 


kitchen table, pillow, room 


okshelf, bookstand, bric-a-brac, bridge table, 


15. A PART OF THE Human Ворт 
Total 1. Md. 


‘Total Il. Ма. 
Hespause F (ist) F F R Response Fs) Е Е Ж 

1. legs 402(24) 153 219 3.88 14. neck 120 36 81 6.55 
2. arms 308(191) 155 243 2.76 | 15. heart 118(13) 48 70 6.59 
3. head аа боту, ini am 3.49 | 10. knee 79 30 49 920 
4 eye 303(35) 129 174 6.06 | 17. chest Ti 19 S8 8.03 
g [vot 295(5) 108 187 615 18. liver 63 24 39 8.03 
T nose 281(6) 118 163 6.89 | 19. brain 61(8) 22 39 6.46 
8 finger 279(1) 101 178 7.22 | 20. lungs 540) 21 33 8.00 
g саг 260(11) 110 150 6.95 21. tooth 53(1) 19 34 9.56 
jo band 22800) 88 140 5.52 | 22. elbow 49 20 29 9.28 
1 toe 223(1) 77 146 792 23. shoulders 49 12. S815 7146 
jj mouth 184(3) 74 110 7.55 | 24. face 40(9) 14 32 4.66 
jj Stomach 128 43 85 8.55 | 25. tongue 44 15 29 10.00 

hair 1250) 60 65 895 | 26. ankle 43 11 32 941 
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Total Il. ма. Total Ill. Md. 

Response Е (15) F F R Response Е (ist) F Е R 
27. throat 40 19 21 752 | 38. thighs 21 8 13 9.92 
pa bale 37 10 27 9.11 | 39. bone 20 6 14 8.64 
$0 uu 35 13 22 6.09 | 40. muscles 19 6 13 8.15 
30. nil 29 13 16 9.19 | 41. waist 19 7 12 10.00 
31. intestine 26 9 17 8.76 | 42. torso 18 + 104 793 
32. hip 26 7 19 9.74 | 43. abdomen 14 4 10 10.00 
33. lips 25 8 17 1742 | 44. fingernail 14 2 12 10.00 
34. wrist 25 5 20 9.05 | 45. thumb 13(1) o 7 TU 
38. breast 220) 5 17 4.82: | 46. chin 10 + 61117 
36. kidney 2201) 14 8 863 47. skin 1001) 10 9.00 
37. рапсгеаѕ 21 3 18 944 


NINE—gallbladder, penis. 

EIGHT—calves, nerves. 

SEVEN —blood, ribs. 

SIX—cheek, esophagus, organs, pelvis, shin, spleen, veins (1). 

FIVE—arteries, eyebrow. 

FOUR—bladder, genitals, knuckles, large intestine, skull 

THREE—belly, bicep, femur (1), glands, limbs, 

TWO—anus, appendix, blood vessels, body, 
ligaments, lymph gland, mind (1), 
vagina. 

ONE—adenoids, adrenal gland, aorta, ass, autonomic nervous system, backbone, bosom, buttocks, cell (1), 
central nervous system, cerebellum, cerebrum (1), clitoris, clothes (13, cockles, cornea, cranium ' derriere, 
endocrine gland, eyelash, eyelid, face, fat, fibula, genitalia, glottis, groin, incus insides joints, lymp? 
system, malleus, metatarsals, moustache, nervous system, neuron, noise, nourishment phalanges pharny*, 
pituitary gland, posterior, quadrucep, rear, retina, rib cage, rump, sacrum, scalp, side, in spinal column, 


stapes, sympathetic nervous system, t i i 
T С ‚ tarsals, temporal, tendons, testicl is si a, uterus 
valves, viscera, windpipe, wrinkles. ' ' ' ане 


(1), small intestine, spinal cord, thorax. 
ovary, skeleton (1), testes, tibia, trachea, ulna. 
clavicle, digits, fallopian tubes, forearm, gullet, humerus, 
navel, radius, rectum, scapula, scrotum, sex organs, toenail, tricep, 


16. A FRuIT 
Total Il. ма. Total In. Md 

| | Response F (1st) Р Р R Response Е (ist) Е Е 

. apple 429(263) 165 264 1.70 | 17. wat 2 6.34 
5 orange 390(78) 149 241 3.55 | 18. en aah 17 27 1:33 
3. pear 326(29) 118 207 2.97 | 19. cantalope 31 в 23 726 
h аа 283(20) 110 173 4.38 | 20. raspberry 28(1) 15 13 6.68 
5. peac 249(17) 94 155 4.33 | 21. pomegranate 23(2) 9 14 5.50 
6. grape 247(8) 107 140 528 | 22. blueberry 21 8 13 73] 
T. cherry 1831) 55 128 541 | 23. mango 18) — 6 12 54 
e 1674) 65 102 542 | 24. avocado 17 7 10 5.60 
1). grapefruit 154 59 95 6.25 | 25. fig 16 з 13 69) 
; lemon. 1344) 51 83 572 | 26 raisin 16 à 12 68 
11. tangerine 110 34 76 647 | 27. coconut 12 6 6 6.83 
12. apricot 102 45 57 642 | 28. nectarine 12 6 6 91 
13. pineapple 98 34 64 598 | 29. berry T в 700 
14. lime 69 38 31 681 | 30. melca 11 $ 6 4.50 
15; tomato 63(6) — 33 30 5.00 | 31. kumquat 10 $ 620 
16. strawberry 58 26 32 6.06 a " dii 


NINE—blackberry, date. 

EIGH T—papaya. 

FOUR—honeydew. | 

THREE-—olive, persimmon. 

TWO—nut, papaw. 

ONE-—black raspberry, bowl, boysenberry, 
food, gooseberry, gourd, guava, hard, hom 
melon, people, pickle, pumpkin, seed, sof 


wrestler. 


breadfruit, carpel, citrus, core, 
osexual, muskmelon, nectar, on 
t, squash, sunflower seed, suns 


uu Arole! 
cranberry, criminal (1), escar n 
10n, parish, passion fruit, pas® 


i ' 
hine, tangelo, vitamins C an 
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17. A WEAPON 


Total Ш. Md. Total Ill. Md. 

Response F (ist) F F R | Response F(is) F Е К 
: knife 405(59) 155 250 2.61 | 25. rock 23 9 14 621 
F gun 394(312) 148 246 1.48 | 26. hand 21(1) 7 14 400 
. rifle 163(29) 64 99 3.20 | 27. arrow 20 & 16 3.31 
4. bomb 122(4) 45 77 4.84 | 28. stone 20(1) 7 13 5.00 
5. club 112 38 74 472 | 29. automobile, car 18 6 12 6.50 
6. sword 110(6) 44 66 4.02 | 30. bazooka 18 5 13 508 
7. bow and arrow 94(5) 50 44 4.16 | 31. glass 18 5 13 5:31 
8. pistol 92(9) 33 59 3.85 | 32. slingshot 18(1) 8 10 3.90 
9. rope 84 39 45 4.82 | 33. blackjack 16 8 8 4.63 
10. cannon 66(1) 20 46 4.74 | 34. revolver 16 5 4$ 3:82 
11. spear 51(2) 18 33 4.79 | 35. shotgun 15(2) т ® 425 
12. fists 46(1) 16 30 4.50 | 36. pipe 13 2 11 455 
13. stick 39 14 25 5.00 | 37. A-bomb 12(1) 5 7 400 
14, hand grenade 37 6 31 5.23 | 38. airplane 12 2 10 640 
15. machine gun 36 8 28 59 | 39. bow 12(1) 1 11 3.64 
16. ax(e) 34 12 22 5.14 | 40. dagger 12 3 9 422 
17. brass knuckles 33 18 15 4.33 | 41. gas 12 6 6 617 
18. tank 31 7 24 5417 | 42. ice pick 12 4 8 485 
19, poison 30 12 18 5.22 | 43. foot 11 2 9 4.78 
20, missile 28 8 20 5.70 | 44. hatchet 11 4 7 5.00 
21, bayonet 27(1) 10 17 4.94 | 45. mortar 11 4 7 5.43 
22. chain 27 13 14 4.20 | 46. scissors 11 6 5 4.60 
23. whip 27 17 10 4.20 | 47. lance 10 2 § 513 
25 8 17 548 | 48. switchblade 10 2 8 4.38 


24, hammer 


NINE—lead pipe, razor blade, rocket. 

EIGH T—bat, grenade, words (1). 

SEVEN—pin, torpedo. 

SI X—artillery (1), bottle, bullet, candlestick, crossbow, flamethrower, hat pin, poison dart, 

FIVE—crowbar, dart, H-bomb, iron bar, wrench. 

FOUR—acid, blowgun, machete, nightstick, pitchfork, scarf, tire iron, tomahawk. 

THREE—blade, boat (1), brick, chair, fighter plane, fire, fork, harpoon, howitzer, judo, letter opener, 
razor, recoilless rifle, screwdriver, shoes, stiletto. 

TWO—arm (1), billy club, bolo, book, can of hairspray, cane, 
javelin, kill, knuckles, laser, metal, muscles, nail, nuclear bomb, peashooter, 


shovel, sickle, tear-gas gun, war. 


saber, tear gas. 


catapult, forty-five pistol (1), germs, hose, 
piano wire, reason, rod, shoot, 


ONE—aim, anything, arsenic, ball, ball and chain, bar, beanshooter, belly stick, belt, bigotry, blood, bludg- 
eon, blunt instrumen bomber, book, boomerang, broken beer bottle, claw, cord, 


cudgel, cut glass, dart gun, depth charge, derringer pistol, dynamite, economic deprivation, explosive, 
fail, field gun, fifty-seven thirty-eight, fighter bomber, fingernail, fingernail file, gas chamber, gas pen, 
guided missile, hair, halberd, handkerchief, harmful, hate, heavy instrument, helicopter, holds, ICBM, 
ideas, injury, iron, karate hand, knowledge, large object, lead, leverage, love, mace, mall, men, mine, 
misunderstanding, mouse trap, mouth, needle, nuclear, pain, pickax, pillow, pills, plastic bag, poleax, 
Purse, rape, save arm, saw, scythe, sharp instrument, sharp object, shield, ship, shiv, sidewinder, single 
Stick, sledgehammer, sleeping pills, spear gun, steel shield, stink bomb, submachine gun, submarine, 
tarpoon, teeth, think, thoughts, tongue, tool, torch, trap, truck, two-iron, umbrella end, vase, vehicle, 


Wire, woods. 


t, blunt object, board, 


18. AN ELECTIVE OFFICE 
Total lll. Md. 


Total Ш. ма. 
Кеѕропѕе Е (ist) Е Ё К Response F (ist) F Е К 
l. president 434(387) 170 264 1.22 | 9. congressman 97(1) 28 69 423 
2. vice-president 316(2) 122 194 2.57 | 10. councilman 60 29 31 5.39 
3. senator 268(8) 107 161 3.73 11. chairman 55 15 30 4,93 
H mayor 198(23) 93 105 4.24 | 12. sheriff 29 11 18 5.78 
* treasurer 198 78 120 4.17 13. sergeant at arms 28(1) 9 19 521 
3 secretary 184(4) 71 115 348 | 14. judge 26(1) 14 12 492 
g. governor 184(7) 76 108 3.95 | 15. alderman 25(1) S4 g x 
' Tepresentative 184 84 100 4.76 | 16. secretary of state 18 12 6 433 
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Total Ill. Md. | Total Hl. Md. 
Response Fist) E Р В | Response РО) F F R 
| 3 | ja. + 

= 1 15(1) — 15 6.13 | 22. house of | __ 
ie = 15 5 10 4.90 representatives 11/1) ]] 455 
o БЕ онар 15 8 Т 5.57 | 23. lieutenant governor 10 9 p f 
P T 15 — 15 407 | 24. parliamentarian 10 2 8 5.50 
21. social chairman 13 + 9 6.22 


NINE—city council. 
EIGH T—attorney general. 


» president of the U. s. (3), prime minister. 
school board. ers 
ate, manager, marshal, speaker of the house, vice-president of the U. 5. 
THREE—chancellor, city councilman, committee chairman, committee member, county clerk, house 
i secretary of defense, state attorney, superintendent. 
TWO—assemblyman, attorney general—state, board member, board of education, chairman of the board, 
chairmanship, clerk, cochairman, commander, county commission, deputy, district attorney, house ol 
delegates, parliament, public relations chairman, rush chairman, scholarship chairman, scribe, secretary 
of health, education, and welfare, state legislature, state senator, student council, trustee, vice-chairman. 
ONE—advisory board, ambassador, antisocial chairman, appointed, appointment, assistant treasurer, 
board of trustees, chaperon, chaplain, city councilor, city manager, class officer, class president, class 
treasurer, committee head, counselor, court, court judge, country, county coroner, county oficiat, county 
school board, cultural chairman, democrat, director, dorm, dorm president, dorm sergeant, editor, ех 
chequer, finance officer, foreign minister, fraternity president, gavel, Garret Gazette editor, general manage’ 
governor at arms, G. S. 20, house member, Illini guide, juror, justice, justice of the peace, legislature at 
M. U., librarian, Magistrate, major, majority leade 


board, student chairman, student governmen 
court, townsman, vice-governor, ward representative, warden, 


19. A Type or Human DWELLING 


Total Ill. ма. Total m. ма. 
Response F (ist) F F R Response F üst) F F R 
1. house 396(311) 155 241 1.27 | 19. houseboat 23(1) 13 10 440 
2. apartment 316(24) 124 192 340 | 20. bungalow. 2201) 8 14 421 
3. tent 189(9) 80 109 4.14 | 21. room 22(1) 6 16 488 
4. cave 15513) 69 86 405 | 22. building 21 4 17 400 
5. hut 121(12) 50 71 358 | 23, lean-to 19 7 12 558 
6. hotel 901) 35 ва 452 | 24; tree house 19 6 13 5.62 
7. trailer 1072) 42 65 428 | 25. split-level 18 1 17 4.47 
8. home 82(29) 33 49 218 | 26. boat 16 4 12 450 
9. motel 8l 23 58 5.52 | 27. duplex 161) 9 7 $57 
10. shack 81(1) 37 44 441 | 28. adobe 14(3) 4 10 3.50 
11. mansion 75 26 49 4.76 | 29. farmhouse 12 1 11 509 
12. cottage Sd) 15 зт дда | 30. lor copie 12 2 10 4.60 
13. dormitory, dorm 63(1) 20 43 493 31. palace 12 5 7 500 
14. igloo 63(4) 30 33 403 32. abode 11(1) 3 8 3.00 
15. cabin BiU —16 3» 454 | 33 row house m — 11 545 
16. ranch house 34(5) 9 25 4.08 | 34. penthouse 10 4 6 6.33 
17. tepee 32(4) 9 23 4.00 35. rambler 10(1) — 10 3.70 
[edt 302) и 19 405 


NINE—barracks, pueblo (1). 

EIGHT—slum, tree. 

SEVEN—tenement house. 

SIX—barn, flat, hovel, inn, lodge, town house, 
FIVE—Cape Cod (1), estate, office, prison, sorority house, 
FOUR—fort, fraternity house, pad, shanty, shelter, od 
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THREE—beach home, boarding house, car, cliff, colonial, co-op, farm, garage, hacienda (1), hole, hospital 
H mud hut, ship, two-story, villa. | 
TWO—apartment house, basement house, bilevel, box, camper, fallout shelter, frame house, grass hut, 
money (2), open air, Quonset hut, residence hall, rooming house, sampan, skyscraper, stone house, train. 
ONE—airport, architect, armory, bank, banker, bathroom, beach home, boathouse, bomb shelter, brick 
house, bunk, cavern, chamber, chateau, church, city, classes of people, classroom, closet, college, colonial, 
condominium, construction, country, country house, cove, ditch, foxhole, freight car, French pro- 
vincial, friendship, good business, Greek house, ground, habitat, hall, hi-rise, house trailer, insurance, 
island, jail, jungle, kibbutz, knowledze, lab, living room, longhouse, love (1), manse, model home, momen- 
tary, monastery, mountainous, mud adobe, mud house, multifamily, outdoors, park bench, parliament, 
ranch, rectory, rest home, river house, roomette, semidetached, sewer pipe, single-family, sod house (1), 
split foyer, stocks, store, stove, street, stucco house, summer place, tavern house, trilevel, truck, two-flat, 


white house. 


20. AN ALCOHOLIC BEVERAGE 


Total Ill. Md. Total Ш. Md. 

Response F (ist) F F R Response Е (ist) F F R 

1. beer 384(214) 151 233 2.24 | 15. martini 33(3) 17 16 431 

2. whiskey 323(63) 135 188 3.37 | 16. crème de menthe 25 7 18 639 

3. gin 308(59) 128 180 3.66 | 17. liqueur 25(1) 3 22 4.64 

+. wine 293(34) 100 187 3.41 | 18. sherry 33 б. 17 5:29 

5. vodka 269(9) 112 157 448 | 19. highball 19 17 2 3.00 

6. bourbon 222(18) 73 149 4.10 | 20. Tom Collins 19 5 14 5.50 

7. scotch 208(19) 78 133 441 | 21. Seagrams 7 16 10 6 6.50 

8. rum 167(7) 64 103 4.43 | 22. whiskey sour 16(2) 3 13 4.38 

9. brandy 78(1) 40 38 5.29 | 23. liquor 15(2) 7 8 3.00 
10. pye 72(1) 16 56 5.07 | 24. daquiri 14 7 7 5:57 
it champagne 67 22 45 6.02 | 25. screwdriver 14(1) S 9 5.89 
12, vermouth 55 31 24 6.04 | 26. sloe gin 14 5 9 5.56 
13. ale 49 18 31 4.90 | 27. tequila 12 9 3 7.33 
14. malt liquor 37 24 13 7.23 | 28. manhattan 11 6 5 440 


NINE—cognae (1), sake. | 
SEVEN—burgundy, grasshopper ( 1), old-fashioned, port (1). 
SIX—bloody mary, crème de cocao. 
FIVE—cordial, grain vae - = У 
FOUR—Canadian Club (1), drambuie, eggnog, Kaluah, moonshine. А 3 Y кта 
TH RE чн whiskey, Budweiser, Cherry Heering, Chianti, Four Roses, gin and tonic, mixed drinks, 
ripple, seven and seven, soda, VO, white wine. "p 
TWO bad booze, cocktails, corn whiskey, Coventry Club, gin fizz, 


[Р ke, schnapps, Southern Comfort, Tia Maria. : А i А " " 
one ed A ender, Bacardi, Ballantine, bar, Beam's Choice, bitters, black ball, blackout, black 


ussi; alve “anadian whiskey, Carling's, cervesa, cider, Colt 45, curare, Cutty Sark, diesel oil, 
vie а gimlet, gin and juice, ginger ale, good, Grand sen ot heko, Byster a 
Irish ‘whiskey lust, Madeira, man, mead, Miller s, mint julep, арата ~ po (1), | гозу, pb 
driver ink tulip, red wine, rotgut, rum collins, Schenley, scotch and so! wp ee sour (1), 
sparkle burgundy, stinger, or, tonic, tot tot, Vat 69, vinegar, wards, white lightning. 


Jim Beam (1), Old Grandad, pink 


stout, stup! 


21. A COUNTRY 


Total Ill. Md. Total lil. Md. 


Response Е (ist) Ё Р К Response Е (ist) Е Е R 
1. Fr 37) 139 200 4.14 | 10. China 115(2) 33 82 640 
E ei eeu 339200) 140 193 208 | 11. Japan wai) 4$ 58 600 
3. Russia (USSR) 303(14) 121 182 4.19 12. Sweden ee) Ee 65 
4, England 300(20) 128 172 8:05 | 13: Brazil TU) m A8 
5. German 228(6) 92 136 5.64 | 14. Switzerland 76(5) 23 53 6.11 
6. Canada 163(4) 69 94 5.16 15. Ireland. 56(4) 24 32 5.31 
7. Italy i 159(9) 62 97 549 16. Australia 52(4) 14 38 692 
8. Spain 15902) 57 102 499 | 17. Norway 50 18 32 тъ 
9. Mexico 136(3) 65 71 5.25 | 18. India IS) 27 20 610 
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Total Il. ма. Total ш. ма. 

Response F (ist) F F р Response F (ist) F F a 

i 45 19 26 6.50 | 35. Britain 21(1) 4 17 3.12 
A аа 44(3) 28 16 619 | 36 Venezuela 19 2 7 sn 
21. Denmark 42 10 32 7.28 | 37. Iran 1701) 7 10 I 
21 Goo 42(3) 17 25 6.36 | 38. Iraq 15(1) 7 : ha 
93. America 40(29) 5 35 203 | 39. Holland | 14(1) 3 11 ads 
24. Poland 38 12 26 7.65 | 40. South America 14 2 12 zag 
25. Israel 33 19 14 5.36 | 41. Bolivia 13 9 4 8-00 
26. Africa 32(4) 7 25 5.44] 42. Perg " 13 7 6 T3 
27. Austria 333) — 12 20 660 | 43. Great Britain 12 з 9 4.56 
28. Scotland 30 14 16 644 | 44. Iceland 12(2) 1 8 m 
29. Belgium 290) 10 19 5.74 | 45, Yugoslavia 12 з ота 
30. Cuba 29 16 13 9.85 | 46. Chile T 1 10 Cu 
31. Portugal 27 9 18 6383 | 47. Rumania 11 1 T 
32. Egypt 26 12 14 7.14 | 48. Hungary 11 5 6 do 
33. Finland 23(1) 10 13 7.38 | 49. Colombia 10 4 6 6.83 
34. Turkey 22(2) 9 13 571 


NINE—Czechoslovakia, Greenland, Indonesia CD; Luxembourg, Thailand (1). 

EIGHT—Asia (3), Laos, Netherlands, New Zealand (1), Philippines, Uruguay (1). 

SEVEN—Belgian Congo, Europe (1), Pakistan, Panama, Puerto Rico. 

SIX—Dominican Republic, Paraguay, South Viet Nam. | 

FIVE—Albania, Algeria (1), Arabia (1), Bulgaria, farms, Guatemala, Korea, Liberia (1), Nigeria, South 
Africa, United Kingdom. 

FOUR—Cambodia, Red China. 


THREE-—Equador, Ghana, government (1), Jordan, Lithuania ( 1), Malaysia, Tahiti, trees. 
TWO—air, animals (1), Burma, Cows, Crete, Ethiopia, flag (1), flowers, garden, grass, Hawaii, homes, 
Lebanon, Monaco, Okinawa, people, Santo Domingo, Serbia, Sudan, Syria, Taiwan, Tibet. 
ONE—Afghanistan, air force, Alaska, Antarctica, Andorra, apples, army, barns, beautiful, birds, Borneo, 
British Honduras, Buenos Aires, Central America, cities, Costa Rica, cottages, Croatia, customs, dirt 
roads, Dixie, dogs, El Salvador, Far East, field, Formosa, fresh air, green (1), hill (1), Honduras, e 
house, Kenya, land, large, Latin America, Liechtenstein, Libya, Lima, Madagascar, Malaya, maple, 
nation (1), nature, navy, New England, Newfoundland, New Guinea, North Viet Nam, oak (1), Open 
Spaces, pails, Persia, pigs, ponds, president, races, religions, rest, Rhodesia, Saigon, Saudi Arabia, qe 
Sikkim, Somaliland, states, sunshine, Swing, Tanganyika, Tierra del Fuego, Ukraine, union, United Ага! 
Republic, Vatican City, Virgin Islands, white fences. 


22. A CRIME 

Total Ш. ма, Total ш. ма. 

Response F (st) F F р Response Е(15) F Р R 
1. murder $87(265) 154 233 1.52 | 16, felony 25(9) — 15 10 2.58 
2. rape 1209) 112 159 230 | 17. speeding 25 7 18 440 
3. robbery 180097) 89 100 252 | 18- forgery 22 5 17 4.74 
4. theft I4) 69 102 246 | 19 (28У 22 13 9 466 
5, assault 19201) 58 74 3,82 | 20, [те 21 9 12 4.57 
6. stealing 9518) 26 69 267 | 2i. alade 19 3 16 3.88 
7. arson 60 25 35 3.60 22. perjury 18 6 12 517 
8. burglary 53(12) 27 26 2.73 23. hit and run 18 8 10 5.00 
9. kidnapping 47 22 25 456 24. manslaughter 17 9 8 3.50 
10. larceny 46(5) 16 30 3.13 | 95° blackmail 16 8 в 4.75 
11. embezzling 40 19 91 478 | 9б, komiai: 1603) 2 14 3.00 
12. adultery 39(3) 17 22 3.77 | 27 lying 15 4 11 4.36 
ES е 2860 10 18 239 |27 bigamy 13 9 4 3.75 
Tweed 27 17 10 500 | 29. cheating 13(1) 2 1 491 
15. breaking and 25(1 30. beating 12 6 6 400 
entering (1) 13 12 400 |31 extortion 12 5 7 5.29 


— It and battery, car theft. 
quemar dq (1), incest (1), misdemeanor, 
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SIX—bribery, disturbing the peace, slander, stabbing, vandalism. 

FIVE—abortion, attack, gambling, libel, petty larceny, shoplifting, sodomy. 

FOUR—assassination, confidence, counterfeiting money, destruction, espionage, income tax evasion, litter- 

i bugging, matricide, molesting, pickpocket, plagiarism, smuggling (1). 

THREE—looting, patricide, police, sabotage, shooting (2), sin (1), swindling, traffic violations, trespassing, 
vagrancy. 

TWO—attempted robbery, automobile accident, bank, defacing property, desertion, discrimination, dope 
peddling, drunken driving, fighting, fornication, grand larceny, homosexuality, juvenile delinquency, 
indecent exposure, knifing, lust, mayhem, narcotics, peddling, polygamy, punishment (1), rob a bank (1), 
strangling, war. 

ONE—alley, assault with a deadly weapon, attempted bribe, bad, bash in, being attacked, break, bullets, 
burning, choking, conspiracy, convicting, copying, crush, culprit, deface, destruction of property, dis- 
orderly conduct, disturb, dope addiction, drinking, drowning, false arrest, fratricide, genocide, graft, 
grand theft, guilt, gun, hanging, hate, help, hit, housebreaking (1), hurt, impersonation, inciting riot, 
incriminate, insubordination, jaywalking, large lecture sections, law, loitering, mail fraud, malicious mis- 
chief, men, mugging, negligence, overparking, perverted practice, protecting, purse snatching, pyromania, 
rackets, rioting, spy, step on, striking officer, subversion, take, taking minor across state line, threatening 
to kill, ticket, torture, treachery (1), truck, University of Illinois, unjustly accuse, violence (1), why, 
yoking. 


23. А CanPENTER's TOOL 


Total Ill. Md. Total Ill. Md. 

Response F(ist) Р F R Кезропзе Е (ist) F Е R 
1. hammer 431(239) 170 261 1.73 | 19. sandpaper 20 8 12 525 
2. saw 394(127) 162 232 242 | 20. awl 18(4) 6 12 425 
3. nails 248(5) 84 164 3.69 | 21. crowbar 18 11 7 597 
4. screwdriver 214(4) 83 131 4.38 | 22. sander 17 7 10 5.20 
5. level 168(10) 74 94 4.00 | 23. wood 17 2 15 4.93 
6. plane 147(12) 72 75 4.03 | 24. plumb 16 2 14 471 
7. chisel 103(6) 46 57 3.96 | 25. plumb line 15 13 2 4.50 
8. ruler 76(7) 19 57 404 | 26. wedge 15(1) 6 9 489 
9. wrench 61(2) 26 35 449 | 27. axe 14(3) 6 8 3.00 
10. pliers 58(1) 23 35 5.06 | 28. trisquare 14 12 2 5.00 
52 20 32 4.81 | 29. vise 14 1 4 10 5.00 
43 13 30 5.53 | 30. knife 13(1) 2 11 445 
40(3) 23 17 4.06 | 31. bolts A = С а 

і 37 18 19 5.95 | 32. ladder g 
15, m 37(5) 16 21 381 | 33. bench 1000) 1 9 4.89 
16. sawhorse 29 5 24 5.46 | 34. hatchet E 1 9 5.56 
17. file 26 14 12 4,92 | 35. nuts 1 3 7 6.00 

18. lathe 21(3) 13 9 433 


NINE—tape measure. 

SEVEN—miter box. 

SIX board, shaver, p а 

NÉ z jigsaw, lever, punch, rasp. . | 

„түе шерин, chalk line, leveler, nail punch, pci tack, tape, triangle. 

THREE—angle, block, brace, measuring tape, sledge, sledgehammer, € er. А 

TWO—angle measure, bit, box, brick, cement, chalk, electric RC um measure, pes. nail set, 
ninety-degree angle, planer, Phillips screwdriver, scriber, slide rule, so! € vm string, washer. . 

ONE—apron, asp, assistance, axle, backsaw, bezel, brain, brick aa jw rie m caulking 
gun, clamp, claw hammer, clothes, coping saw, crane, cut, cutting "mi 1), ор, не C ) (кепе cable, 
electric drill, extension cord, eye, glider, hands, hinge, home, house, Jack, аре nowledge, last, lave (1), 
L rule, lumber, machine that cuts wood, man, measuring stick, P ves Я = = nail belt, oil 
can, pail, paintbrush, paper, pick, plaster, power saw, putty knife, uie ng n e, right corner 
(1), rope, router, saler saw, sanding board, saw board, scale, ae | ae earing blade, shingle knife, 
sledge pounder, solder, spade, spike, square L, straightedge, straight ru e, take, tee, tin snips, toolbox, tool 
kit, trimmer, varnish, wheel, wheelbarrow, wire cutter, wood chisel, wooden horse, workhorse, wrecking 


bar. 
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24. A MEMBER OF TRE CLERGY 


Total Ш. ма. | Total M Md. 

Response F (ist) F F R Response F (Ist) F F R 
i west 100(221) 158 242 1.74 | 12. monk 76 30 46 4.80 
2. minister 320(105) 137 183 2.30 | 13. brother 71 17 54 5.00 
3. rabbi 287(34) 129 158 3.08 14. archbishop 70 14 56 5.54 
4. pope 179(10) — 61 115 5.00 | 15. deacon 4002) 20 26 188 
5. bishop 168(4) 59 109 1.73 | 16. sister mm 10 34 4.74 
6. father 142(9) 56 86 3.44 17. monsignor 19 5. 4 533 
7. pastor 121(25) 51 70 3.23 | 18. chaplain 16 5 y $355 
8. cardinal 119(3) 45 74 5.28 | 19. doctor 14(1) 7 7 6.14 
9. reverend 116(6) 18 68 4.13 | 20. cantor 13 2 11 5.55 
10. nun 104(1) 36 68 437 | 21. friar 12 5 7 643 
11. preacher 84(13) 31 53 3.57 


NINE—clergyman, evangelist. 

EIGH T—elder, rector (1). 

SEVEN-—missionary, subdeacon. 

SIX—abbot, parson (3). 

FIVE—deaconess, layman (1), padre. 

FOUR—vicar. 

THREE-saint, sexton (1). 

TWO—Catholic, cleric, high priest, Right Reverend, Jesuit, lay leader, mother, revivalist. 

ONE—acolyte, assistant, associate rector, aunt, Baptist, Buddha, Buddhist monk, canon, choir, Chaucer's 
ben. езш Ый ел, dean, Franciscan, God, hymn, Jewish, king, lay reader, love man of the cloth, 
medium, minister of fine arts (1), minister of music, minister of students, Mosen Most Reverend, 
mullah, parishioner, patriarch, prayer leader, Presbyterian, protestant, quiet, Rabbi Cohen, Reverend 


Father, school, secular, seminari 5 si i i r 

ar, seminarian, shaman, sing single, superior, swami, trus 5 very R Це; 
i І 1 is , S , Swami, stee, usher, Very Revere 
vestryman, witch doctor. i | 


25. A SUBSTANCE FOR FLavorinc Foon 


Total ОШ Md. 


* Total Ш. ма. 
esponse F (ist) F F р Response F (ist) F F К 
1. salt 412(219) 164 248 197 | 29 26 
2021 24 х 2. parsley 27 + 23 52 
: pepper ALICS) 164. 237 2,77 | 28: bay lexvas 24(1) 13 11 6.36 
pagr 168(38) 65 103 328 | 24 almond 21(4) 9 12 3.17 
= Bele 12009) — 38 82 443 | 25. herbs 20(3) 7 13 5.23 
B mds 120160) 49 7[ 238 | 26. sage 19(1) 6 13 454 

z жа 118(3) 43 75 5.09 | 27. Worcestershire 

8. paprika 94(2) 41 53 4.91 sauce 16(1) 6 10 4.70 
б, Spices ЖЗ 5 m 4.74 | 28. tobasco sauce 16(1) 10 6 4.50 
. 56 3.93 | 29. A.1. sauce 15 5 5.60 
S "ie 134) 29 44 4.73 | 30. chives 15(1) к: 14 5.86 
ана En 34 BE 421 081, singer 15 5 10 6.00 
13; mustard er 9 53 5.13 | 32. mint 15(1) т 8 450 
14. Accent 590) — 3а 35 $42 | 33. allspice a) *$ dn 
s i; 34. тау; ise .09 
г a Fu 15 28 3.64 | as. ue n bun : T. $21 
. nutmeg 19 23 513 | 86. usen d 92 
17. onion salt 41 31 10 5.30 | 37. a 120) 1 E 100 
18. vinegar 39(3) 11 28 461 | 38. chili powder 11 I = 
19. butter de 12 19 4.95 | 39. horseradish 11 6 5 5.60 
. lemon 4.71 | 40, 4 
21. thyme 31(1) 9 22 518 | 41. - xd = a : i "n" 


NINE—basil, celery salt. 
SEVEN—curry, red pepper, strawberry, syrup (1), 
SIX—anise, cheese, lime, E eges (2), relish, rum, 
FIVE—dressing, gravy, milk, peppermint (1), saccharin, salad dressin 
i ё с > 5, 50у sauce, steak sauce. 
FOUR—anchovies, cherry (2), cream, extract (1), marjoram, monosodium etme ite seasoning: 
rosemary, sesame. Б ate, poultry seas 


© 
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UHREE alcohol, artificial, butterscotch, cavenne, charcoal, eggs, food coloring (1), green pepper, mar- 
, Rarine, mushroom, raspberry, tartar sauce, turmeric, vegetable oil (1), walnut. 
> Two apple, bacon, barbecue sauce, barley, brandy, celery, coconut, coffee, dill, flour, maise, maple, meat 
tenderizer (1), pineapple, tenderizer, wintergreen. 

ONE barley leaves, beef, bourbon, brandy, burgundy, cardamom, chervil, chicory, chili pepper, chyme, 
clover, cocoa, corn, egg volks, food extract (1), garlic powder, gelatin, ham, heat, hollandaise, honey, hot 
pepper, hot spices, Italian, jam, jelly, lemon juice (1), lemon rind, lettuce, maggi (1), meat juice, meat 
sauce, nuts, omega, onion flakes, orange rind, parsley flakes, peppers, pickle, poison, pork, ravioli, red 
wine, roots, salad oil, seaweed, Season-All, shortening, spaghetti, Sucaryl, thiamine, tomato sauce, vitamin, 
vitamin additives, wheat germ, whiskey, white sauce. 


26. A ТҮРЕ or FUEL 


Total Ht. Md. Total — Ill. Md. 
Response F (ist) E F R | Response F (ist) F F R 
1. oil 320/60) 135 185 2.53 | 15. uranium 27(1) 14 13 4.00 
2. gas 275(168) 128 147 1.72 | 16. charcoal 24 15 9 5.44 
3. coal 253(70) 117 136 2.88 17. hydrogen 23 8 15 4.80 
4. wood 223(18) 101 122 3.75 | 18. food 20(2) S 12 3.50 
5. gasoline 183(104) 61 122 1.80 | 19. steam 20 6 14 5.14 
6. Кегоѕіпе 145(2) 59 86 347 | 20. butane 19(1) 3 16 381 
7. electricity 64(1) 27 37 3.95 | 21. propane 17 4 13 431 
8. paper i 52 22 30 4.97 | 22. methane 16 3 13 4.62 
9. petroleum 19 11 38 2.89 | 23. coke 15 9 6 547 
10. alcohol 45 16 29 3.7 24. natural gas 14(2 6 8 338 
11. atom, atomic energy — 44(1) 17 27 4.52 | 25. petrol 13 8 5 5.80 
12, diesel oil, fuel 36 16 20 3.90 | 26. peat 11 5 6 4.83 
13. oxygen 35 15 20 4.70 | 27. air 10(1) 4 6 3.50 
85 10 25 448 


14. water 


NINE—benzene (2), lighter fluid, nitrogen, nuclear energy (1), solid fuel, sun. 

SEVEN—carbon, ethyl (1), liquid oxygen (1), octane. 

SI X—peat moss. 

FIVE—fire, leaves. 

FOU R-—carbon chloride, grass, helium, liquid, nitrocellulose, nitromethane, peroxide. 

THRE Zsso, heat, liquid nitrogen, LP gas, nitroglycerin, Sunoco, tar, water power. en 

TWO—aAmoco, anthracite, calories, coal oil, combustion, fuel oil, Gulf, hydrogen peroxide (1), liquid hy- 
drogen, lox, methylene, naphtha, pentane, radium, regular, rocket fuel, sugar, sunlight, wax, white gas. 

ONE—acetylene, American, animals, argument, boat fuel, branches, burns, burning paper, calcium di- 
heptane, castor oil, chemicals, chisel, corn cobs, crude oil, dried leaves, dung, dynamite, Epsom salt, 
ethane, ether, ethylene, explode, extra, fat, fuel oil, furnace, garbage, glucose, grease, Gulftane, gun- 
powder, hammer (1), hay, JP4, high octane, hydraulic, hydrazine, hydrocarbon, руны а шы, ions, 
iron, jack, jet х, light, lighter, liquid gas, liquid petroleum, liquid rocket, logs, lumber, саца arathon, 
marine, medicine, mercury, metal, methyl alcohol, missile fuel, mixed, e motor oil, naphthene, nitric 
acid, n triethylene, nuclear reaction, ore, oxygen-hydrogen, potassium a wp protein £1), run, 
saw, Shell gas, sodium, solar, solid rocket, Standard, steam ROWER; fo ur, sun's energy, sweets, 
tributyrin, turpentine, twigs, U235, U238, vinegar, warmth, whale oil, wind. 


27, A NAME APPLIED TO A PERSON To INDICATE HIS OCCUPATION OR PROFESSION 


Total Ш. ма. Total I. Md. 
Response piis) F Е R Response F (ist) F F R 
1. 20210) 142 220 1.91 | 12. accountant 37(4) 16 21 424 
2, i ay 110 159 248 | 13. businessman 32(4) 10 22 3.73 
s Teacher 155(16) 71 84 4.70 | 14. scientist 30 11 19 5.00 
1. dentist 11207) 42 70 3.36 | 15. clerk 29(1) 10 19 4.89 
S. engineer 109(24) 50 59 347 | 16. farmer 25(11) 13 12 408 
6. professor 94(2) 31 63 4.37 17. laborer 25(3) 14 11 5.36 
F; carpenter 83(21) 28 55 311 | 18. policeman 24(3) 8 16 4.19 
8. salesman 60(8) 31 29 438 | 19. chemist 23(2) 9 14 494 
9. nurse 47 12 35 4.26 | 20. merchant 22(1) 15 1 257 
10, Psychologist 44(3) 10 34 4.71 | 21. banker 21(4) 9 12 3.58 
11. plumber 41(2 22 19 3.95 | 22. physicist 21(2) $ YS Bis 
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Total Ш. Md. Total ОШ Md. 

Response F(ist) Р F R | Response Ede d£ к R 

i 20(2) 6 14 4.07 | 35. minister 15 11 1 M 
p етш 20(1) 8 12 4,92 | 36. weiter 15 M^ s 4.00 
ешш 20 8 12 3.92 | 3T. janitor 14:2) 8 бо 
eee cd 18(1) 8 10 3,30 | 38. reverend нр 5 507 
e Ae 18 4 14 4.79 | 39. artist 13 5 8 5.00 
ee Am 18(2) 6 12 6.17 | 40. baker 13(1) 5 8 4.50 
nos 18 9 9 5.11 | 41. psychiatrist 13(1) 3 10 3.70 
29. secretary 17(2) 2 15 3.80 | 42. senator 1201) 4 8 p 
P К N 17(1) 6 11 445 | 43. grocer 11 1 10 "e 
ctum ^ 16(3) 13 3 3.67 | 44. sailor T 3 8 550 
1 s 16(1) 6 10 4.60 | 45. mailman 1002) 2 8 4.6 
S S oesitint 16(1) 8 в 500 | 


<I NE—garbage man, machinist (3), milkman (1), surgeon. 

SINE debent (3), cook, Indian chief, pilot ( 1), politician, priest, real estate. T fs ТОЯ 

SEVEN—butcher (1), captain, colonel, ditchdigger (1), father (1), general, major, musician, officer, p: 

(1), preacher, soldier, student, technician (1). | | . 

SI X—Aactor, attorney, biologist, bus driver (1), druggist (1), housewife, representative. 7 ес ҮЙ 

FIVE—clergyman, economist, insurance agent (1), mason, mayor, physician (2), rabbi, steelworker ] 
social worker, storekeeper, truck driver, veterinarian (1), white-collar worker (1). 

FOUR—astronaut, bookmaker, candlestick maker, chief, congressman, dietician, 
pediatrician, sir, tailor, thief. 

THREE—advertiser, buyer, cabdriver (1), certified public accountant, conductor, 
contractor, draftsman (1), driver, job (2), jockey, king, 
speech therapist, title (1), waiter, welder. m 

TWO—actress, administrator (1), announcer, author, baseball player, blacksmith, blue collar, bookkeeper 
botanist, car driver, chairman, chef, cop, cowboy, dean, detective, director, drifter, factory worker, 
financier, football player, foreman (1), geologist, governor, instructor, jeweler (1 ), labor, leader, librarian, 
longshoreman, master, military, model, mortician, Mrs., newspaperman, obstetrician, officer in service, 
owner, pastor, pianist, planner, Position, private, retailer, salesclerk, shoemaker, singer, sister, statistician, 
supervisor, surveyor, typist, waitress, work, worker (2), zoologist. Р 

ONE—agent, ambassador, analyst, anthropologist, apprentice, archaeologist, assistant, assistant manager, 
astronomer, athlete, attaché (1), attendant, bank teller, beautician, bishop, boxer, brother, builder, 
busboy, business administrator, business manager, butler, cadet, captain of ship, cartographer, iion d 
dealer, chiropractor, civil service worker, clothier, coal miner, copier, corporal, counselor, criminal, 
criminologist, critic, dancer, delivery man, designer, disc jockey, 
operator, duke, English teacher (1), entrepreneur, esquire, 
(1), fletcher, florist, former (1), freeman, G-m 
Eovernment worker, graduate assistant, gynecologist, harrier, hir 
able, hotel owner, huntsman, hustler, internal revenue officer (1 Due 
scaper, laundryman, layman (1), lecturer, lord, loser, lumberjack (1), maintenance man (1), majority 


leader, manufacturer, marine, marketer, meat-packer, medic, meteorologist D. microbiologist, military: 
miller, mill hand, miner, miss, Mr. President, 


editor, journalist, mister, 


construction yorka 
lieutenant, researcher, sergeant, sociologist (1), 


» queen, racecar driver, radiologist, rank, rank in service, reader, 
irl, sanitary engineer, scholar, seamstress, semi- 
slave, smith, speaker, speech teacher, sportscaster, 
© owner, street cleaner, swimmer, teller, trade (1), 
r, violinist, vocation (1), weatherman, wholesaler, 


28. A NATURAL EARTH FORMATION 
Total 1. Md. 


Total ш. ма. 
Response Е (ist) F F R 


Response F (ist) F F R 
1, mountain 401(220) 162 239 202 | б lake 98(4) 45 53 4.08 
2: hill 227(35) 106 121 348 | 7 canyon 81(7) 32 49 441 
3 valley 2200) 93 134 354 | в dif 77060) 40 37 4.03 
Жш 1470) 60 87 397 | 9, ocem 771) — 30 47 5.23 
apres 105(66) 34 71 1.94 | 49 


| eave 69(10) 23 46 3.85 
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Total Ill. Md. | Total Ill. Md. 

Response Fs) Р Е R Response F (ist) F F R 
11. plain 68(3) 38 30 443 | 23. ravine 20(2 10 10 4.90 
12. volcano 65(6) 12 53 3.79 | 24. ridge 18 10 8 4.13 
13. plateau 64(2) 32 32 4.22 | 25. stalactite 18(5) 6 12 3.33 
14. gully 45 21 24 4.75 | 26. stone 17(1) 4 13 4.00 
15. stream 44 21 23 448 | 27. crater 16(1) 5 11 4.09 
16. sea 37(1) 13 24 5.08 | 28. gorge 16 10 6 4.50 
17. desert 36 11 25 4.76 | 29. Grand Canyon 14(6) 4 10 1.80 
18. crevice 30(4) 13 17 3.47 | 30. creek 12 8 4 5.25 
19. island 24(2) 4 20 4.85 | 31. sand 12(2 2 10 3.60 
20. cavern 23 3 20 445 | 32. tree 12(3) — 12 4.25 
21. glacier 23(6) 11 12 4.83 | 33. fault 10(3) 6 4 5.50 
22. stalagmite 22(3) 7 15 3.73 | 34. natural bridge 10(1) 1 9 3.44 


NINE- peninsula (1), pond, waterfall (1). 

EIGHT—continent, crevasse, delta, dirt, hole, grass (1), slope. 

SEVEN—bay, beach, geyser (1), soil (1). 

SIX—bluff, ditch, gulch, moraine, sand dune (1). 

FIVE—boulder (1), butte, earthquake, fossil, land, mesa, mound, water (1). 

FOUR—crest, esker, forest, mineral (1), peak, prairie, riverbed. 

THREE—bank, coal, drumlin, flowers, gulf, harbor, iceberg, limestone, pebbles, plant, spring, stream bed. 

TWO—arroyo (1), basin, brook, chasm, chemicals, clay (1), cove, cracks, crag, dale, dike, dune, dust, 
flatlands, glacier deposit, ground, guper, hollows, knoll, meadow, outcropping (1), pinnacle, pool, promon- 
tory, rise, Rocky Mountains (1), saddle, sandstone, sill, Smoky Mountains, steppes, swamp. 

ONE—abyss, algae, Appalachians, archipelago, atoll, bacterial, batholith, Berkshire, bridge (1), bump, 
bush, carbon, Carlsbad Caverns, cliff lines, clod, cloud, coal mine, coast, coastal plain, coke, continental 
shelf, coral, crust, crystal, cut, dam, dark, defile, devil's post pile, diamond, dip, divide, draw, dwelling, 
earth, erosion, escarpment, falls, fill, fissure, floodplain, gold, granite, graphite, grassland, gravel, Great 
Lakes (1), grove, hales, hillock, hot spring (1), ice cap, icicle, inlet, inselberg, iron ore, isthmus, Karst 
plain, kettle hole, knoll, lake bed, landscape (1), lava, layers, lime, limestone cave, marble, meteorite, 
mine, mineral deposit, molehill, monadnock (1), moor, moss, mountain glacier (1), mud, Niagara Falls 
(1), ocean floor, oil, oil well, open, overpass, peneplain, petrified wood, piedmont, Pike's Peak, pillar, 
planet, Plymouth Rock, pothole, precipice, pueblo, quarry, reef, river bank, river delta, riverlet, road, 
rock cliff, roll, roots, rough topography, Royal Gorge, salt flat, sandbank (1), sand hill, seashore, sedimen- 
tary rock, shale, Silver Springs, sinkhole, sky, slip, slough, Stonehenge, strait, strange structures caused 
by Pikes Peak, tar, terrace, terrain, trench, tributary, tundra, tunnel, underground cavern, underground 

gap, weeds, wind gap. 


spring, vegetation, wall, water 


29. A SroRT 
Total Ill. Md. Total Ш. Md. 

Response F (ist) F F R Response F (ist) F F R 

: 11) 148 248 2.62 | 21. horseback riding 29(3) 6 23 622 

z ent AITE 138 238 2.66 | 22. handball 27(1) 18 9 6.89 
3. bask tball 360(42) 142 218 3.57 23. ice skating 25(1) 11 14 6.14 
A, denn 329(41) 124 205 4.65 | 24. polo 24 10 14 686 
5, iswitnmitii 977021) 97 180 443 | 25. boxing 23(1) 6 17 6.76 
hice 160(6) 49 111 5.05 | 26. Rugby 2301) 13 10 570 
7. golf i53(18) 67 86 4.81 | 27. hunting . 18(1) 9 9 711 
8. hockey 130(10) 48 82 4.91 | 28. water skiing 17 9 8 6.00 
9. track 111(6) 60 51 6.24 | 29. gymnastics 16 з 8 5.75 
10. lacrosse 107(3) 18 89 5.29 | 30. racing 15 10 5 6.60 
11. badminton 96 31 65 6.18 | 31. sailing 125 3 12 6.58 
12. bowling 96(1) 38 58 5.76 | 32. boating 14 5 9 7,00 
13, четена 87(2) 25 62 6.21 | 33. pool : 14 5 9 5.89 
14, Бане 7 76(3) 33 43 6.09 | 34. horse racing 13(1) 3 10 6.90 
15. archery 49(3) 10 39 5.92 | 35. ісе hockey 13(1) 2 11 5.00 
16. skiing” 45(3) 12 33 658 | 36. jai alai 130 8 5640 
17. fencin 42(3) 36 9 6.50 | 37. squash 13 5 8 688 
18. Вар Дон 39 17 22 641 | 38. diving 12 3 9 7.44 
19. softball 310) 9 12 433 | 39. judo 11 1 10 580 
20. fishing 30(2) 14 16 4.69 | 40. surfing 11 3 8 6.13 
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NINE—chess (1). : 

EIGH T—cross-country, running. 

SEVEN—car racing, croquet, riding (1). 

SIX—canoeing, cricket, hiking, horseshoes. : 

FIVE—roller skating, rowing, speedball, tumbling. 

FOU <ating. 

ae a a flicker ball, shooting, skin diving, snow skiing, track and field, weight lifting (1). 

TWO—apparatus, camping, cards, dancing, field, field hockey, girls (1), pole vault, shuffleboard, skate 
boarding, speedaway, water polo. | 

ONE—billiards, boat racing, bridge, broad jumping, bullfighting, cabering, cage ball, cars, climbing, curling. 
deep-sea diving, discus throwing, guns, highball, high jumping, jump rope, jumping, karate, kickball, 
motorcycle racing, mountain climbing, rock throwing, rolling in grass, shark diving, shot put, singing, 
sky diving, sports car, sports-car driving, stickball, sumo, sunbathing, tether ball, tiddlywinks, trampoline., 


30. A WEATHER PHENOMENON 


Total Ml. Md. 


Total HL Md. 
Response Е (150) F E R Response Feist) F FE R 
1. hurricane 318/68) 129 189 3.56 | 20. humidity 30610) 13 17 641 
2. tornado 303(60) 145 158 4.02 21. sunny 29 11 18 4.89 
3. rain 297(136) 111 186 2.54 2» hot 2701) 7 20 6.25 
4. snow 266(30) 92 174 3.10 | 23. tidal wave 27 9 18 5.22 
5. hail 206(5) 76 130 4.78 | 24. hailstorm 18 10 8 475 
6. sleet 173 62 111 4.59 | 25. drought 16 7 9 5.78 
7. storm 100(55) 48 52 279 | 36, earthquake 1002) o 10 2.90 
8. wind 85(11) 35 60 5.00 | 27. heat 15 2 13 4.62 
9. cyclone 8309) 39 44 389 | 28 ice m о в 613 
10. clouds, cloudy 74013) 28 46 176 | 29. rainbow 1401) 5 9 5.00 
11. sun, sunshine 18019) 31 42 4.57 | 30; windstorm CO) 3 11 458 
12. lightning 69(5) — 29 40 448 | 31. clear 1302) | 12 650 
13. typhoon 5701) 17 40 4560 | 32; snowstorm 13 4 9 407 
14. thunder 5503) 23 32 444 | 33 warm 13 з 10 7.00 
15. cold 48(4) — 14 34 624 | 34. pale › 4 8 6.25 
16. blizzard 1. gale 12(1) 4 M 
- blizzar 46(5) 13 33 4.61 | 35. waterspout 1201) 2 10 5.30 
17. fog 45 16 29 5.97 | 36. mist 11 6 5 6.20 
18. monsoon "Ul IT 35 4488 | 37. masii 113) 9 2 400 
19. thunderstorm, 8E. ‘twister T 1 10 5.20 
shower 31(6) 15 16 3.75 | 
NINE—frost. 


EIGHT—dust storm. 

SEVEN—heat wave, smog. 

SIX—drizzle, high pressure. 

FIVE—dry, foggy, low Pressure, rainy (1), temperature (1 

FOUR—breeze, calm, dew, fair, front, high, humid ( 

THREE—avalanche, clear sky, cloud burst (1), ove 
eruption, weather vane (3). 

TWO—aurora borealis, barometer (1), cold front, cold s E — i — 
тоеп Loan presure E кз miu dampness, ес lipse, electrical storm, glaze, haze 

ONE—arid, barometric pressure, bright, chilly, clear d 
(1), damp, draft, dry spell, fireballs, flash flood, flying star, freezing rain, glacier (1), gust, heat spell, hot 
sun, hot spell, ice storm, Indian Summer, leaves turning, lightning balls Maryland, moist, moonlight. 
partially cloudy, pleasant, Precipitation, rain barrel, rain squall, rime, rough, seiche eie blizzard. 
sprinkling, star (1), sticky, sun-shower, time of sunrise, time of Sunset, tundra, turbulence vili he twenty 
degrees below zero, warm front, weather balloon, wet, wind direction, wind speed, zephyr. ' 


), Whirlwind, 
1), low, mild, squall, 


Teast, sandstorm, tempest (1), thermometer, volcano 


ay, cloud formations, cold wave, cool, cyclic storm 


31. AN ARTICLE or CLorumx 
Total Ш. ма. 


Total Il. Md. 

Response F (ist) F F R Response F (Gs) F F R 
‚ йе 352104) 143 219 3.59 | 4 shoes 274039) 113 161 5.35 
ad 330(15) 122 208 545 | s. blouse 261(33) 99 162 4.17 
TM 318(20) 123 195 3.89 | 6, skirt 20101) — 99 162 4.0 


E 
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Total ш. Md. Total Ш. ма. 
| Response F (ist) F F R Response F (ist) F F R 
7. coat 260(16) 92 168 6.51 | 23. stockings 40 10 36 7.83 
8. dress 240(101) 97 143 3.22 | 24. trousers 41(1) 12 29 4.79 
9. hat 201(31) $3 118 5.97 | 25. undershirt 35 9 26 745 
10, sweater 163(23) 29 134 5.00 26. vest 2941) 7 22 8.23 
11. tie 1364) — 46 90 6.23 | 27. nylons 26 13 13 777 
12. slip 127 50 77 7.12 | 28. girdle 25 13 12 8.92 
13. jacket 100( б) 33 67 7.61 | 29. underpants 22(2) 4 18 7.28 
14. slacks 100 39 61 5.85 | 30. overcoat 20 т 13 7.62 
15. gloves 99 34 05 7.88 | 31. Bermudas 10 4 12 6.25 
16. belt 84 30 54 7.22 | 32. hose 10 7 9 8.00 
17. underwear 7202) 29 43 6.79 . raincoat 15 5 10 840 
18. shorts 7101) 40 31 6.65 | 34. panties 14 10 4 4.00 
19. bra 7005) 31 39 6.85 | 35. jumper 13 3 10 7.20 
20. scarf 0402) 19 45 7.76 | 36. sweat shirt 121) 7 5 640 
21.. suit 53(4) 26 27 641 37. bathing suit 10 1 9 7.89 
22. ‘T-shirt 48 27 21 6.81 
NINE сар. 
EIGH T-— boots, pajamas, rings. 
S N—robe, shift. 
S earmuffs, jock (1). 


FIVE—shell, watch. 
FOUR—ascot, cuff links, 
THRE 


dickey, handkerchief, swimsuit. 
—Levi's, sports coat. 


'TWO-—apron, bracelet, cape, chemise, culottes, garter, hairband, jeans, jersey, knee socks, mufiler, necktie, 
nightgown, parka, purse, ribbon, suspenders, topcoat, tuxedo, underclothes, undershorts. 


ONE—bathrobe, blazer, bloomers, bow tie, briefs, cane, 

drawers, earrings, formal, fur, gown, handbag, hot, itchy, jewelry, jock 
mittens, muff, necklace, overshoes, pretty, rubbers, sandle: 
it pants, Weejuns, warm 


lingerie, 


slippers, smock, sports jacket, sport shirt, supporter, swe: 


shorts, jock 
iri, shoelace, ski jacket, skivvies, 


collar, corset, cutoffs, deck pants, dinner jacket, 
strap, jocke i 


32. A Part or A BUILDING 
Total Ill. Md. Total Il. Md. 
Response F (ist) F Е R Response F(ist) F F R 
1. window 338(68) 136 202 3.54 | 23. glass 20 8 12 
2. door 322(74) 123 199 3.44 | 24. cornerstone 19(7) 1 12 
3. roof 266(61) 104 162 3.98 | 25. beams 18 и 7 
3. wall 242(34) 93 149 3.95 | 26. kitchen 1801) ШЕ 
5. floor 238(19) 78 160 4.09 | 27. lights 18 1 17 
0. ceiling 107(3) 48 119 4.91 | 28. side 18(1) 2 16 ў 
7. room 161(62) 52 109 3.46 | 29. cellar 1701) 2 15 500 
8. basement 108(14) 39 69 433 | 30. office 17(1) i B 545 
9. brick 101015) 47 54 3.94 | 31. porch 10 9 Yn 
10. hall 65(7) 19 46 4.65 | 32. living room 15 т 8 688 
11, Stair 64(6) 14 50 4.78 | 33. lobby 15(2) 6 @ 5232 
12, elevator 61(3) 23 38 5.74 | 34. bedroom 14(1) 7 7 457 
19; chimney 60(4) 37 23 4.96 | 35. wing 14(5) 3 11 2.73 
14, foundation 51(0) 17 34 5.12 | 36. епігапсе 13(1) 5 & 513 
15. steps 50(4) т 43 4.81 | 37. furniture 13 ET ў 7.33 
16. stairway AD 28 13 5.00 | 38. stone 13(2) 9 4 06.5 
17. ас c 3003) 9 21 5.14 | 39. corridor 1201) i 8 5.50 
18. cement 27(2) 8 17 6.06 | 40. chairs 11 1 10 5,30 
19. wood 25 11 14. 671 | 41. doorway il г m 255 
20, bathroom 23 8 15 4.53 | 42. frame 11(1) 9 667 
21. closet T 10 13 6.38 | 43. rafters и EE 163% 
22. corner nu) 12 10 5.10 | 4. front 1000) 4 6 2.50 
BINE dining room. " 
HT—facade (3), hallway, mortar (1), siding. 


SEVEN 


N—desk, gutters (1), inside (2), 


nails, shutters. 
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SIX—eaves, first floor (1), girders, ledges, pipes, shingle. . 

FIVE-—blackboard, fireplace, furnace, lounge (1), outside, tile. . Е 

FOUR—apartment, awnings, back, balcony, banister, classrooms, cornice (3), framework, gable, joist, 
metal, paint, plaster, plumbing, second floor, sidewalk, steel, windowsill, wiring. . . 

THREE—annex (1), boards, concrete, doorknob, escalator, fire escape, flagpole, insulation, laboratory, 
level (1), rain gutters, rest rooms, shade, stories (1), structure (1), towers, washroom, window ledge, 
woodwork. е Š 

TWO—block, boiler room, buttress, cable, carpet, cinder blocks, den, dome, dormer, drinking fountain, 
entrance foyer, exit, flight, ground floor, lintel, lock, lumber, main floor, partitions, people, pillar, rear, 
rec room, rod, rug, section, sink, skylight, staircase, stairwell, steeple, supports, tap, third floor, toilet, 
upper floors, vestibule. . Mp | 

ONE—addition, aisle, archway, atrium, auditorium, back door, banks, base, bench, bottom, braces, builder, 
cabinet, capitol, carpeting, clock, concrete block, columns, construction, cupola, doorbell, door handle, 
doorstop, ducts, efface, el, elevator shaft, extension, facing (1), faucet, fixtures, floor, railing, fourth floor, 
fourth-eighth floors, foyer (1), front room, garage, glass window, ground floor, hard, heater, heating 
system, hinges, hip, house, iron frame, ivy, landing, large, latch, laths, lavatory, light fixture, locker room, 
mailboxes, men's rooms, mezzanine а), пигзегу, outlet, panes, paper, patio, pencils, penthouse, pitch, 
plank (1), platform, playroom, portico, railing, rainspout, red, ridgepole, risers, rock, sand, sash, seats, 
shaft, Sheetrock, sign, sills, sky window, smokestack, spike, steel base, steel foundation, steel frame, 
storage closet, storage room, street floor, strong, studding, studs, study room, subbasement, subfloor, 
sun deck, sun room, top, transept, trash chute, trellis, truss, tube, turnstile, vents, walk, walkway, waste- 
baskets, water pipes, window frames, women's rooms, wooden frame, workshop. 


33. A CHEMICAL ELEMENT 


Total Iil. Md. Total Ill. Md. 
Response Е (ist) Е F R Response Е (ist) Е F К 
1. охувеп 294(57) 116 178 3.57 | 22. argon 40(3) 17 23 6.09 
2. hydrogen 274(73) 113 161 3.48 | 23. neon 39(3) 12 27 4.70 
3. nitrogen 172(13) 75 97 4.56 | 24. mercury 35(6) 18 17 6.76 
4. sodium 131(37) 51 80 4.01 | 25. boron 33(4) 9 24 4.71 
5. iron 126(27) 64 62 4.32 | 26. lithium 32(3) 16 16 5.13 
6. gold 117(30) 42 75 3.96 | 27. manganese 26 5 21 6.19 
7. helium 113(3) — 53 60 4.77 | 28. iodine 25(1) 9 16 6.81 
8. silver 111(4) 43 68 4.79 | 29. tin 25(1) 9 16 638 
9. potassium 107(10) 43 64 5.45 | 30. acid 23(11) 8 15 2.53 
10. copper 103(13) 47 56 443 | 31. bromine 22(1) im 11 5.18 
11. carbon 103(20) 42 61 4.13 | 32. water 22(12) 8 14 164 
12. sulfur 100(21) 33 67 4.39 | 33. radium 20(2) 10 10 6.00 
13. chlorine 96(9) 32 64 4.63 | 34. krypton 19 7 12 6.58 
14. zinc 81(11) 18 63 4.75 | 35. cobalt 17(2) 5 12 3.42 
15. magnesium 66(2) 20 46 4.74 | 36. barium 16(1) 6 10 4.80 
16. aluminum 60(14) 24 36 4.64 | 37. nickel 16(1) 10 6 5.67 
17. fluorine 57(2) 20 37 6.35 | 38. platinum 16(2) 6 10 4.00 
18. phosphorus 50(6) 17 33 4.73 | 39. beryllium 15 4 11 4.82 
19. calcium 43(6) 12 31 4.94 | 40. xenon 14 5 9 5.56 
20. uranium 42(1) 20 24 6.88 | 41. plutonium 11(1) 1 10 4.90 
21. lead 41 14 27 5.26 


NINE-—radon, silicon (1). 

SEVEN—antimony, bromide (1), carbon dioxide, chromium, rubidium, titanium. 

SI X—arsenic (1), astatine, tungsten (2). 

FIVE—cadmium, chloride, salt (1). 

FOUR—alcohol (1), base, bismuth, cesium, francium, molybdenum (1), nitric acid (1), sodium chloride, 
sulfate. А Т 

THREE—californium, gas (2), hydrochloric acid, tellurium, zinc oxide, zirconium. : 

TWO-—alkaline, ammonia (2), carbon monoxide, dioxide (1), ferric (1), Freon, glycerine, hydrochloride, 
ion, lawrencium, nitrate, nitroglycerin (1), oil, peroxide, polonium (1), strontium, sulfuric acid (2). 

ONE-—ACTH, air, aluminum sulfate, americium, ammonium, atom (1), bauxite, borax, brass, bronze: 
carbon tetrachloride, Cho, copper sulfate, cupric, DNA, dysprosium, emulsifier, endocrine (1), energy” 
europium, fermium, formaldehyde (1), gadolinium, gallium, gunpowder, hoxite, hydrogen sulfur, hydroge? 
chlorine (1), hydroxide, inorganic, lanthanum, light, lutetium, M, mineral (1), molecule, neutralize? 
niacin, niobium, nitrate acid, noxious, organic, PNA, quartz, ruthenium, saltpeter, selenium, Sh, silver 


nitrate, sodium sulfate, sulfide, technetium, turpentine. 


^f 
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34. A MUSICAL INSTRUMENT 
Total m. Md. Total Ill Md 

Response F (ist) F F R Response F (ist) F F R 
1. ріапо 329(102) 110 219 2.96 | 18. viola 59(3) 23 36 6.03 
2. drum 322(21) 122 200 4.49 19. horn 51(14) 12 39 3.54 
3. trumpet 279(37) 110 169 4.38 | 20. piccolo 45 22 23 7.30 
4. violin 271(34) 93 178 4.54 | 21. cymbals 43 13 30 7.50 
5. clarinet 259(48) 109 150 4.21 | 22. harmonica 43(1) 18 25 6.80 
6. flute 24651) 102 144 4.52 | 23. bassoon 40 21 19 7.11 
7. guitar 231027) 77 154 408 | 24. accordion 37(5) 15 22 495 
8. saxophone 176(15) 71 105 4.98 | 25. cornet 33(4) 20 13 6.00 
9. trombone 173013) 87 86 5.27 | 26. xylophone 28 8 20 7.30 
10. oboe 144(28) 51 73 456 | 27. fiddle 20 6 14 6.50 
ll. tuba 119(14) 45 74 5.20 | 28. harpsichord 20 4 16 6.75 
12. harp 105(3) 33 72 6.17 | 29. bass fiddle 18 5 13 7.23 
13. cello 89(2) 31 58 6.05 | 30. bugle 170 4 13 5.08 
14. banjo 77(4) 21 56 5.27 | 31. baritone 16(1) о 7 743 
15. bass 76(4) 36 40 5.73 | 32. ukulele 15 3 12 492 
16. organ 76(2) 28 48 5.71 | 33. triangle 11 2 9 811 
63(1) 34 29 6.24 | 34. bells 10 3 7 6.86 


17. French horn 


NINE—tambourine. 
EIGHT—bongos- 
SEVEN-—sousaphone. | 
SIX—bass drum, mandolin, marimba (1), tympant. 
FIVE—English horn, recorder. 

FOUR—Iute (1), zither. 
THREE—bass viol, bass 
TWO—Autoharp, bass clarinet, bass violin, 


viola, chimes, clavichord (1), string bass, vibes. 
castanet, double bass, fife, Jew's harp, kettledrum, slide trom- 


bone. 
ONE—alto clarinet, alto harp, alto sax, baritone sax, bass horn, celesta, clavier, euphonium, fliigelhorn, 
flutophone, glockenspiel, kazoo, Kyoto, lyre, orchestra, percussion, pipe (1), record player, serpent, 


snare drum, song flute, steel drum, steel guitar, tape recorder, voice, woodwind. 


35. A Kixp or Money 


ge 
= 
2 
= 
a 


Total — Ill. Md. M 
Response Е (as) F F К Response F(üs) F F К 
- 31(156) 126 205 2.75 | 19. check asc — 20 28 5.08 
Y Shiels fum 102 171 3.51 | 20. gold dos) — 9 31 510 
3. dimes 261018) 94 167 396 | 21. silver dollar з) — 6 33 5.82 
4, š 259(7) 93 166 443 | 22. fifty-cent piece 34 3 31 5.74 
POT 21359) 80 163 347 | 23. dollar bil 3202) 6 26 346 
жш 19018) 75 94 49 | 24. ten dollars 26 6 20 6.75 
^ rancs 131014) 63 68 4.93 | 25. five 25(1) 7 18 6.39 
[s pesos 126/3) 60 66 4.89 26. centavo 20(1) 9 1 445 
dep 120 4& 72 601 | 27. pence i61) 6 10 680 
Ut ae ни 94(43) 36 58 2.00 | 28. bil uQ) 6 8 275 
JN te wis) ag 37 5.70. | 29. currency 13 8 5 5.80 
D yen 65) 29 37 422 | 30. gold piece 13 р 1— 
is тар 31 33 2.88 | 31. bonds 12 4 8 650 
* paper money 64(13) ; : 12 з 9 718 
14. rubl OM) 30 31 5.35 | 32. twenty 
15. silver oa) ze 37 497 |23. gines 112) — 1 10 5.90 
1б. mark MEET aL dz pen 10 4 6 550 
17. cents sado 18 39 290 | 35. sou 10(2) 5 5 620 
* Shilling 46(2) 22 24 521 
BINE crown, fifty. 


GHT— " 1). 
S copper (2), kopeck, hundred (1) 
SEEN change (1), peseta, pfennig, stocks (3). А 
вур American (2), cash (1), doubloon, hard money (2), 
Foy —greenback, note, sen. 

—bolivar, Canadian, foreign, half 


money order, rupee (1). 


penny mill, seashells (1), sterling, traveler's checks, wampum. 
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THREE—beads, confederate, dinar, English, farthing, green (1), krona (1), Mexican, paper dollar (1), 
savings bond, two-dollar bill. І | | | 

TWO-—baht, buck, bullion, centime, counterfeit, cruzeiro, drachma, Federal Reserve note, fiver, guilder, , 
half cent, IOUs, one thousand dollars, paper bill, (play money, potind sterling, sawbuck, seript, stekel, 
silver certificate ( 1), two bits. | 

ON all other amounts of bills, amount, art, bank deposit, barter, barter item, bewan, British, Canadian 
nickel, capital, certificate, certified check, club chits, colons, credit, dear money, diablo, diamonds, dinarius, 
dollar cents, dough, draquets, fake, fin, five-cent piece, five-dollar bill, five hundred dollar bill, five hundred 
dollars, forint, Fort Knox, funny, furs, gems, German, gold standard, grain, half crown, half dime, inflated, 
jewels, large cent, lee, lots of (1), metal (1), million dollars, money, nacionales, new Taiwan dollar, order, 


ore, paper currency, pascus, perro gordo, piaster, pistoles, produce, ration coin, real, Russian, sand dollars, 


savings, security, security bond, services, seventy-five cents, sovereign, Spanish, specie, stamps, steel, 
stone, Swiss francs, talent, tarnished, ten-cent piece, ten-dollar gold piece, ten spot, tobacco, token, trade, 


trinkets, twenty-cent piece, twenty-five-cent piece, twenty-five dollar bill, United States, United States 
dollars (1), won, wood, work. 


36. A Tyre or Music 


Total Ill. Md. ! Total Ill. Md. 

Response F (is) Р F R Response F (1s) F F R 
1. jazz 341(127) 133 208 2.55 | 21. semiclassical 18 8 10 3.20 
2. classical 321(109) 121 200 2.36 | 22. march 16(1) 9 7 457 
3. rock 'n' roll 291166) 95 196 2.84 | 23. rhythm and blues 16(1) 4 12 383 
4. popular 143(19) 46 97 3.38 | 24. romantic 16(1) 6 10 3.50 
5. folk 138/13) 30 108 3.68 | 25. sonata 16(2) 8 8 343 
6. symphony 71(20) 31 46 3.15 | 26. swing 16(1) 11 5 6,00 
7. opera 66(13) 20 46 4.07 | 27. country and western 15(2) 10 5 4.60 
8. blues 46(1) — 19 27 444 | 28. religious 15(1) 4 11 4.64 
9. modern 40(2) 8 32 3.56 | 29. dance 14 5 9 500 
10. country 38 23 15 3.87 | 30. fast 13(2) 3 10 4.00 
11. waltz 31(6) 7 24 3.63 | 31. slow 13 4 9 5.33 
12. hillbilly 27 3 24 454 | 32. chamber 12(4) в 4 340 
13. instrumental 26(1) 9 17 541 | 33. spiritual 12 2 10 4.90 
14. pop 26(2) 26 — — | 34. ballad 11(1) 7 4 $00 
13. western 23 8 15 493 | 35. long-hair 10(2) 2 8 438 
15. baroque 2205) — 12 10 3.30 | 36. mood 10 — 10 430 
17. contemporary 22 6' 16 4.38 | 37. operetta 10 1 6 483 
18. concerto 213) {Ж 9 356 | 38. orchesiral 10(3) 2 в 4.38 
19. dixieland 20 9 11 4.82 | 39. song(s) 10(5) 4 6 267 
20. concert 19 5 14 3.93 


NINE—band, bluegrass, bossa nova, hymns, polka (1). 
EIGHT—bop, show tunes (1). 

SEVEN—show music, vocal. 

SIX—Beatles, Broadway, calypso, musicals, soft (3), Spanish. 
FIVE—fugue (1), minuet, modern jazz, movie theme. 

FOUR-—bebop, chorus, flamenco, fox-trot, good (2), melody, ragtime, rumba 

THREE—Bach (1), bad (1), ballroom, barbershop, Beethoven (1), Broadway hit, cha-cha, choral, dance” 
able, frug, hit tunes (1), madrigal, organ (1), piano, progressive, renaissance, solo, tango, twist, violin 

'TWO-— background, ballet, Brahms, chanson, choir, Christmas, conta н у c t 
band, dinner, discotheque, drums, foreign, guitar, happy, Hawaiian, honky-tonk (1), impressionistic, 
jitterbug, Latin American, light, lively, loud, lyric (1), neoclassic, offbeat, oratorio, overture, percussion: 
primitive, progressive jazz, quartet, record, rhapsody (1), rock (2), sad, singing (1), soothing, soul, sweet 

themes. 

"Eh On after-dinner, allegro, ancient, art (1), Asian, avant-garde, bagatelle, beat, Bourbon Street 
British, campfire, canzone, CBM musical, Chinese, church, classical jazz, comical, conservative, cool, 
dance-old, dance-young, daydreaming, deep, duet, Easter, easy listening, ethnic, étude, flute, fun, Greg?” 
rian chant, group, EYPSY, hair, harpsichord, highbrow, in-between, Indian, Japanese, Latin, light classical, 
Liverpool sound, lower classical, mambo, mäss (1), Mexican, Mickey Mouse type, middle of the roa“, 
moderf classical, monkey, mountain, movie score, musical comedy, musical play, musical show, nationa 
тат, nighttime, noisy, octave, ode (1), a favorite, orchestration, part invention, passive, piano play" 
gery prebaroque, prelude, processional, Ашер, ан (1), relaxing, roaring twenties, rock-a-billy 
rococo, romance, romance period, rondo, round, Russian cossack, samba, scherzo (1), secular, sentiment?" 
serenade (1), sing-along, soap opera, soft listening (1), sonata allegro, sour, square dance, standart" 
stimulating, Stones (1), string quartet, suite, swim, swing jazz, tone poem, traditional, trash, trio, ир? 
classical, wild, wood, Zambezi warrior. 


ta, contemporary jazz, current, dance 
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37. A BIRD 
Total Ш. ма. 
" Response F (ist) F F R Response 
5 robin 377(189) 155 222 2.32 | 25. redbird 
2. sparrow 237(27) 104 133 4.53 | 26. sea gull 
3. cardinal 208(38) 104 104 3902 А thrush 
4. blue jay 180(7) 70 112 4.09 | 28. falcon 
5. eagle 16118) 62 99 4.93 | 29. jay 
6. crow 149(11) 64 85 4.71 | 30. pheasant 
7. bluebird 138(17) 61 77 3.36 | 31. finch 
8. canary 134(12) 48 86 4.03 | 32. mockingbird 
9. parrakeet 115(11) 36 79 4.61 | 33. buzzard 
10. hawk 111(3) 41 70 6.00 | 34. ostrich 
11. blackbird 89(6) 37 52 4.63 | 35. flamingo 
12. wren 83(7) 46 37 4.54 | 36. lark 
13. oriole 77(19) 19 58 3.19 | 37. peacock 
14. parrot 72(5) 23 49 4.69 | 38. turkey 
15. pigeon 56(5) 16 40 4.83 | 39. penguin 
.. 16. hummingbird 50(4) 14 36 4.69 | 40. purple martin 
17. stading 4o(1) 20 29 5.97 | 41. raven 
18. woodpecker 46(2 19 27 5.30 | 42. swan 
19. vulture 44(3) 17 27 489 43. crane 
20. swallow 41(3) 13 28 4.64 | 44. geese 
21, chicken 40 18 22 6.00 | 45. chickadee 
22. dove 36(3) 17 19 4.32 | 46. pelican 
23. duck 36(4) 17 19 5.53 | 47. stork 
24. owl 36(1) 13 23 5.57 | 48. warbler 


NINE—catbird (2), grackle, quail (1). 
SEVEN—goldfinch, meadowlark, nightingale (1), rooster. 


siX—kingfisher, martin, myna bird. 
FIVE—bobwhite, egret, snowbird. 
FOUR—condor, emu, hen, heron, lovebir 


THREE—albatross, bat, 
TWO—bald eagle, beak, bobolink, chimney swift, cowbird, dodo, feat 


red-headed woodpecker, redwing back, run, stop, tern, toucan, 
ONE-—Aves (1), barn swallow, cockatoo, color, concord, cuckoo, 
grosbeak, grouse, guard, hairy (1), hate, head, jail (1), Java (ету 

pepper, piper, plane, pterodactyl, redbreast, ге 


red robin (1), roadrunner, rosemary, : 
swim, tail, tanager, tear, thunderbird, thyme, titmouse, 


wing, winger, Woody Woodpecker, worm, yellow, yellow warbler. 


38. A Nonalcoholic Beverage 


Total Hl. Md. ' 


Response Е (180) Ё Е К | Response 
milk 366(89) 136 230 3.04 17. tomato juice 
t Coke (Coca-Cola) 327(202) 124 203 241 = De ean " 
4 water 295(16) 111 184 3.87 19. (mi ) shake 
5 orange drink, juice 226(11) 84 142 4.38 20. Teem 
* Coffee 225(5) 5 130 4.87 21. orangeade 
б. tea 2170010) 91 126 4.85 | 22. pop 
7. Pepsi(-Cola) 151021) 79 73 3.63 | 23. iced tea 
8. lemonade 119(3) 61 52 5.2 24. Sprite 
wy up i52) 51 94 483 25. apple juice | 
i grape juice 103(5) 38 65 195 26. grapefruit juice 
12 Soda(s) 89(40) 24 65 3.05 | 27. cocoa 
13, 100 beer uà 22 52 521 28. limeade 
"4 Singer ale 13(5) 15 58 4.55 | 29. soft drink 
1s. fruit juice 51(3) 22 29 445 | 30. Mountain Dew 
16, Tee 48(2) 5 43 400 31. pineapple juice 
Ranch asi) 16 29 493 | 32 malt 


whippoorwill, wood thru 
English sparrow, fly, 
Ле lovebird, parsle 
d-breasted grosbeak, red-breasted whipp 
salt (1), sandpiper, scarecrow, sit, skip, 5 
Tweety, vampire, wa 


20(2) 
19(2) 
17(1) 
17(2) 
16(2) 
15(2) 
15(1) 
15 
14 
14(1) 
14 
14 
13 
12 
11 
11(2) 
10(1) 
10(1) 


d, scarlet tanager, yellow-bellied sapsucker (1). 
Baltimore oriole (1), eye, morning dove, redwing, wing (2). 
hers, feet, flicker, go (2), junco, osprey, 
sh. 
foobird, furnish, 
peck, 


Total 
Е (1st) 


44 
40 
28 
23 
21 
21(10) 
19(2) 
19 
17 
17 
16 
16 
15 
1401) 
12 
10 


ооо ооо л со 


Q2 4e Unde CA со Ф а Ob л суза О n 


у, partridge, 
ler, red-head duck, 
kylark, stay, supplyman, 
lk, waxwing, wild goose, 


Ill. 


F 


= 
to 
a 


масы 1505-3 
>з 


© 
Qvovie сп Oven > E^ 
Re UNO бә л 5 


EID 


oo: 
ә tn 
ac 


* 


Баалоо лә 


с O tn 
Can 


- 


Md. 


F 


30 
18 
14 
10 
10 

3 
9 
13 
15 
13 
10 
9 
15 
9 
1 


R 


5.97 
5.83 
5.11 
4.10 
5.60 
1.33 
6.44 
5.15 
4.87 
6.00 
5.90 
7.22 
4.20 


6.56 
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NINE—cola (1), fruit drink (1). 

EIGHT—Diet Rite, Hawaiian Punch, hot chocolate, soda pop (2). 

SEVEN—eggnog, Squirt. 

SIX—(apple) cider, lemon, prune juice. 

FIVE—carbonated drink (1), cream soda, Royal Crown, Tab, Upper 10. 

FOUR—chocolate milk, Like, vegetable juice (1). 

THREE—cherry, coconut-juice milk, Dr. Pepper, grape soda, iced coffee, lemon lime, lime, seltzer, skim 
milk, Tang, V-8 juice (1). 

TWO—ade, ale (1), beer (1), bouillon, Bubble-Up, buttermilk, carrot juice, chocolate, cream, ice-cream 
soda, phosphates, soda water, soup, Tru Ade, whiskey (1). 

ONE—apricot, bourbon, bubbles, cherry juice, cherry smash, club soda, cocktail, cold, cough medicine, 
créme de menthe, diet cola, Diet Pepsi, espresso, Fizzies float, goat's milk, good, grapeade, Hi-C, hot tea, 
ice water, nectar, nonfat dry milk, orange soda, papa Patio Orange, pear juice, pomegranate juice, 
quinine water, raw egg and milk, salt water, Sanka, sarsaparilla, scotch, sour milk, strawberry juice, 
strawberry soda, syrup, tonic, Wink. 5 


39. А TYPE or VEHICLE 


Total ОШ. Md. 


Total Il. ма. 
Response F (ist) Р F р Response F (ist) F F К 
lecum 407(365) 155 252 1.13 | 21. jet 2 6,76 
2. bus 3008) 110 190 322 | 22. streetcar ^ З " 514 
3. airplane 280(6) 112 168 4.65 | 23. trailer 23 g 15 5.73 
4. train 257 111 146 4.11 | 24. skates 21 1 20 6.55 
5. truck 223(7) 90 133 3.66 | 25. cab 19 3 16 5.31 
6. bicycle 193(3) 105 88 4.60 | 26. helicopter 18 8 10 640 
1. аа тр 174(4) 80 94 5.18 | 27. subway 17 7 10 5.40 
8. boat 145(2) 47 98 471 | 28. motorbike 16 в 8 475 
| scooter 99 31 68 524 | 29. tank 16(1) 6 10 490 
10. wagon 86(1) 26 60 5.62 | 30. carriage 15 т 8 5.75 
. bike 853) 11 74 464 | 31. Honda 14 т 7 5.71 
12. ship " 28 19 6.11 | 32. horse 14(1) s 9 76 
13. motor scooter 44(2) 22 22 4.95 | 33. feet 12(1 9 3 5.00 
14. tricycle 43 22 21 5.76 | 34. sled 07 3 обв 
15. tractor | 35 18 17 541 | 35. cycle 11 т 4 525 
16. auto, automobile — 34(25) 15 19 142 | 36 socket 11 1 10 6.00 
17 taxi 32 13 19 4.11 | 37. roller skates 10 & s 560 
18. сап 31 1l 20 6.55 | 38. skate board 10 7 3 &Ш 
‚ trolley саг 30(1) 10 20 4.90 | 39. van 4 625 
20. jeep 25(1) 8 17 435 Ы А 


NINE—Ford (1). 

EIGH T—sports car (1). 
SEVEN—Chevrolet (1), limousine, 
SIX—canoe, go-cart, station wagon, 
FIVE—buggy, el, unicycle. 
FOUR—balloon, Cadillac (1), convertible, rickshaw, 
THREE—lawn mower, monorail, raft, skis, 


TWO—ambulance, Buick, cable car, Corvair, coupe, dogs]. А If 
cart, hands, horse and buggy, Jaguar, MG, Mustang ( eroe = сЕ я ат, fire eng Ко, 
ship, sedan, surfboard, surrey, tram, Triumph, wheelbarrow (1) Mode шев, Pontiac, mider 

ONE—airlift, Austin Martin, battery, Benz, biplane, limp, , | 
II, Cobra, Corvet, country, covered wagon, cruiser, Dod A € 1 “4 
garbage truck, gas, glider, half-track, Harley-D, horse iul engine, escalator, Fairlane, ferry, footmobi 
incline, kiddy car, land rover, legs, Lincoln Conti 
liner, oil, oxcart, ee one police car, race, racer, railroad, R 
shoeleather, sidewalk, sleigh, sloop, snow skis, Spacecraft, sportster, sta п y 

Д * Я Ре . x ес tin та; 
street sweeper, sulky, tandem, taxicab, transit, two-stage rocket (1) elon, oe. um 
wheels, Wildcat, XKE, yacht, your own body. , , water skis, wh 


submarine, Volkswagen (1). 
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40. A ScIENCE 


Total Ill. Md. Total Ill. Md. 
Response Fits) F F R Response FGW КТ Р R 
1. chemistry 367(86) 135 232 2.66 | 13. medicine 28(4) 6 22 432 
2. physics 327(54) 131 196 3.34 | 14. engineering 27(3) 8 19 4.74 
3. psychology 272(56) 100 172 3.23 | 15. biochemistry 26 7 19 5.89 
4. biology 270(80) 116 154 3.29 | 16. meteorology 21(2) 15 6 5.50 
5. zoology 248(24) 72 176 3.71 | 17. physiology 21(10) 7 14 5.21 
6. botany 242(26) 67 175 3.98 | 18. anatomy 19 11 8 5.50 
7. astronomy 114(16) 41 73 4.34 | 19. anthropology 18(2) 6 12 5.58 
8. mathematics 113(26) 32 81 349 | 20. genetics 14 4 10 5.60 
9. geology 76(6) 34 42 4.86 | 21. philosophy 13(2) 4 9 400 
10. microbiology 72(6) 12 60 4.75 | 22. astrology 10(1) 4 6 533 
11. sociology 46 6 40 4.58 | 23. geography 10(3) 8 2 5.00 
12. entomology 30(1) 13 17 6.07 


EIGHT—metallurgy. 

SEVEN—bacteriology, organic chemistry. 

SIX—archaeology, biophysics, embryology. 

FOUR—agriculture, general science, kinesiology, oceanography, pathology. 

THREE—agronomy, criminology, dentistry, history, pharmacology. . . " 

TWO—aerodynamics, architecture, earth, electrical engineering, electronics (2), histology, nutrition, 
pharmacy, physical science (1), political science, social, virology. | | 

ONE—aeronautical engineering, aeronautics, air science, alchemy, algebra, analysis, applied, art, astro- 
physics, atomic, basic, Christian Science, cytogenetics, cytology, dairy, Darwin, dead, dermatology, dull, 
dynamics, economics, ectobiology, Einstein (1), electrical, emptiness, empty, endobiology, English, 
experiment, general practice, geometry, geotechnics, good, gynecology, histronomy, humanities, hush, 
hymnology, ichthyology, lab science, life, logic, metaphysics (1), mineralogy, mum, natural, neurology, 
noise (1), nose (1), nuclear (1), nuclear physics, nursing, obstetrics, organic biology, parasitology, photo- 
synthesis, phrenology, physical chemistry, premed, psychiatry, quiet, radio chemistry, radiology, research 


(1), science of living, sinus (1), space, Spanish, stars, statistics, stillness (1), study, topography (1). 


41. A Toy 

Total Il. ма. Total Il. Md. 
Response F(ist) F F R iiid Аи : A = 

25 160 2.88 | 24. tricycle à 
^ en zh ^n 126 2.71 | 25. balloon 18(8) 7 11 255 
3. al 146(28) 47 99 340 | 26. rocking horse 18(5) 10 8 425 
reed 175(18) 51 74 3.78 | 27. Yo-Yo 184) — 7 11 291 
Y ius 19920) 46 79 327 | 28. marbles 16) 5 11 455 
pos 11303) 35 78 3.09 | 29. rope ш) 7 9 42 
Aan 1067) 32 72 4.51 | 30. horse 15(2) 6 9 489 
а, odes 39 59 4.41 | 31. skates 15 5 10 510 
Pa ed imal ы  — 14 457 
9. bat 84(2) 32 52 4410 | 32. animals F : : Eo 

10, t 60(20) 30 30 3.03 | 33. books 13(1) 3 
M, bus 56(10) 15 41 301 | 34. dishes 13 6 7 629 
12. dell 52 28 24 5.29 | 35. drum 13(4) 5 8 3.63 
13. beatae 50(5) 9 4l 4.05 | 36. fire engine 13(2) à 9 3.78 
I4. (toy) soldi So) 23 27 415 | 37. football 132) — 4 9 444 
abe E С 26 3.65 | 38. cards 12 4 8 650 
Wes ano Б о зу 12 5 7 557 

16. stuff d animal 41(1) 18 23 4.65 | 39. crayons j 
1 Ws а D үү 29 3.72 40. jack-in-the-box 12(4) 6 6 347 
18. jack 40(6) 17 23 4.18 | 41. Monopoly 00) 7 5 320 
pee i 28 4.79 | 42. tractor Du) 8 4 415 
20; Reddy ш) и 4.00 | 43. baseball 11(3) 5 6 333 
эт. teddy bear 39(4) 21 18 4. . н е 
1. rattle 38(5) 19 19 4.42 44. erector set 1.67 
22. bicycle 318) 19 18 628 | 45. glove В 2 8 588 
3. jump rope 28 13 15 413 | 46. swing 101) 6 4 245 
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NINE—cap guns (1), scooter. 

EIGH T—doz, hammer, roller skates, ships, Tinkertoys. 

SEVEN—checkers, baby carriage. 

SIX—clay, house, tank. 

FIVE—basketball, chemistry set, coloring book, kite, knives, playhouse, puppet (2), robots, sled, whistle 

FOUR—bells, bow and arrow, clown, cutouts, hammer set, helmet, hula hoop, model (1), model plane kit, 
paper dolls, Pick-Up Sticks, sandbox, Slinky, squirt gun, stoves, water pistol (1). 

THREE—army men, baby doll, baseball glove, beads, bear, box, buggy, cat (1), cowboy, hats, music box, 
Pogo stick, popgun, punching bag, rifle, telephone. В 

TWO—blackboard, boots, bubbles, bucket, cannon (1), carriage, cart, chess, clock, doctor kit, doll kitchen, 
duck (1), electric train, engine, furniture, gun and holster, kitchen set, Lincoln Play Lass, men, Mister 
Machine (1), model planes, monkey (1), paddle ball, paint set, Parcheesi, pistol, plastic, plastic rings, 
pull toy, rocket, sailboat, sand basket, Scrabble game (1), seesaw, shovel Silly Putty, skate board (1), 
sliding board, softball, stilts, string, tools, water toys. ' oe 

ONE—archery set, army set, army soldier, baby, ball and jacks, barbell, baton, battleship, beanshooter, 
beebee gun, big bruiser, blanket, bobal up, boomerang, bottle, boxing gloves, boys, bucket, bunny (1), 
bus, buttons, cap pistol, caps, child's, clothes, clue, comb, combat, cooking items, cooking set, cowboy 
clothes, cowboy Lge Чаш, dart board, dart game, dice, dinosaur, diving mask, doll bed, doll furniture, 
кеу миш iiem or jt pee e eel filling station, fish, Frisby, gas station, girl (1), 
pomo ee a "Indians, iron. 5 1466, ardball, Н.О, train, hobbyhorse, horn, horse rocker, horse- 
shoes, ice skates, Indians, iron, ironing board, jet jewelry, jumping 5: Е 5 3 mn 
kitchen, ladder, lariat, makeup, mask me mecha im | cR Jumping Jag ; Jungle gym, key, kiddy c | 
Бабо. Bs. Иене ene, ОЛЕШ d p ; ‘nical man, microscope, Mighty Moe, model car, mode 

К же Т 5, Ol’ Clothes, paints, pans, paper, peashooter, pegboard, pegs, реп» 
pencil, people, piano, play, poodle (1), pool, pots purse, rabbit, race c Es "1 Б ' doll, ranc 
house, real car, rings, roller coaster, rubber, rubb m | , н Ж асе сш, гасег, racket, гаң doll, га E 
space helmet, spear gun, squeeze things ti k er ball, rubber band, saddle, saw, sax, skis, socker, 50 " 
surfboard (1), sword, teeter-totter (1) pe cw sunita panda bear а), stuffed toy, submarine, subway 
can; tin soldier, tool bench = ian rat ing ring, television, ГҮ toys, tennis ball, tennis racquet, tin 
А зе, trike, vet, vroom bicycle, war game, wheel. 


42. A Tvrr or DANCE 


Total ш. ма ў 
| ‚ ^ Md. Total Ш. Md. 
| Response Е (1st) F F R Response F (ist) F F R 
- waltz 366098) 150 216 3.32 21. moder 

; 32 | 21. 3.48 
2. frug 276(107) 99 177 206 | 22. swim азу орн 
$. twist 244(35) — 96 148 3.74 | 23. slow 34(3) 6 28 ATi 
$ Поход 210011) 110 106 449 | 24. mashed potato 32 no 21 486 
5. charcha 156(14) 54 102 481 | 25. two-step 31 15 5.60 
б. monkey 115(13) 31 84 3.63 | 26. dog 2601 IS 13 485 
7. jitterbug 2013) 31 81 £14] 27 freddy Th E o. m 
9. rumba ioro) d 97 $19 | 28. bossa nova 203) а 18 528 
Ч Я 2.21 . ро 5 2 
10. watusi 95(13) 30 65 3.62 | 30, bud. c A 629 
П. tango 87(12) 35 52 476 | 31. fact n es 
12. square dance 80(12) 30 50 3.90 32 limbo e 3 DAS 
18. spi ei 2 43 5.67 | 33. tap He i : 138 
` polka 6 38 448 |34 bi | ' 
iH TEMERE ITI E ID 
e ene 349) 20 34 444 | 36, slop ин го 
17. Charleston 510) 20 31 468 | 37. back boitom Ti 107 5.43 
Yu pallet 21 22 4.73 | зв са ; 
19. rock 'n' roll 39(3) 16 23 443 | 39. — ud Ы 1 au 
20. folk dance 38(11) 12 26 323 m x dia 


EIGH T— ballroom, Бор, box step, hitchhiker, hully gully, jazz (2) 

SEVEN—bunny hop (1), fly. | 

SIX—fish, social. 

FIVE—interpretive, swing (1), Uncle Willie. 

FOUR—belly, bodie, conga, hop (1), mouse, shimmy (1), stomp. 

THREE—bob, bug, flamenco, frog, hora (1), Jack the ripper, jig (1), lind 

TWO—bomba (1), chicken (1), continental, eight-one, elephant walle. ing 
dance, Russian, shotgun, shuffle, Siamese (2), snake, soft-shoe, Virginia 


У, Mexican hat, popular, surf. 
а, Jive (1), madison, potato, rai? 
reel, walk, 
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ONE -alpine, barracuda, bodie green, bolero (1), bony marony, boomerang, breik, butterfly, cancan 
castanata ( 1), ceremonial, chingo, circle, clam, contemporary, contra, cotillion, cow, czardas, discotheque, 
exercise, expressionistic, fertility rites, flamingo, formal, French twist, funny, gavotte, gorilla, Greek 
classic (1), Hawaiian, highland fling, horse, Indian, jaw, jog, lamumba, leop, lindy hop, lumba, lunge, 
majestic, march, mazurka, miserlee, modern jazz, native, Night Train, Popeye, primitive, promenade, rag, 
ragtime, reel, rock (1), round, sabre, shag, shake, shrug, slash, slue-foot (1), sloop, Spanish, step-in, strip, 
stupidity, suite (1), sun, sway, tarantella, toe, tomorrow, traditional, war (1 ), whip. 


43. A VEGETABLE 


өы M Md. | Total ОШ. Md. 

Response F (ist) F F R | Response F (ist) F F R 
l. carrot 316(128) 132 3 | 15. beets 63(9) 341 32 447 
J. pea 308(64) 123 3.25 | 16. lima beans 62(1) 11 51 4.84 
pac 51703). 114 133 446 | 17. squash 60(2) 17 43 5.60 
4. bean 237(19) 112 125 4.06 | 18. onions 47(5) 17 30 4.73 
5. potato 224(48) 82 142 3.51 | 19. radishes 46(2) 18 28 6.21 
6. tomato 215(55) 78 137 3.55 | 20. brussels sprouts 41 14 27 5.89 
7. lettuce 189(21) 72 117 4.06 | 21. cucumber 40(2) 16 24 5.92 
8. spinach 163(13) 54 109 4.37 | 22. turnip 31(2) 12 19 542 
9. asparagus 138(5) 64 74 5.36 | 23. green beans 30(3) 14 16 3.88 
10, broccoli 126(8) 51 72 813 | 24. kale 20 1 19 6.00 
11. celery 96(9) 360 60 443 | 25. parsley 15 5 10 6.10 
12. cabbage 94(10) 14 80 4.56 | 26. peppers 13 + 9 6.78 
13. string beans 76(8) 19 57 4.00 | 27. green peppers 10(1) 3 т 3.57 


14. cauliflower 71(1) 33 38 5.74 


—TIC! 
artichokes, okra, sauerkraut. 

-collards, peanut, rhubarb, turnip greens (1), wax beans. 
THREE—yellow beans. 

TWO—avocado, baked beans, escarole, mushroom, pa 


sweet potatoes, watercress, watermelon. 
ONE—apple, bib lettuce, black-eyed peas, butter beans, butternut squash, cherry, cream cheese, dandelion, 


endive, garlic, green onion, green peas, kidney bean, leak, lemon, navy bean, olive, orange, pale beans, 
pinto beans, plum, raisin, romaine, salad, seaweed, sweet pea, Swiss chard (1), white, white bean, yams. 


rsnips, pear, pickle, pumpkin, rutabaga, succotash, 


44. A ТҮРЕ or FooTGEAR 
Total lll. Md. 


Tota] Ill. Ма. 
Response Е (ist) F F R Response F (ist) F F R 

1. shoe 383(323) 146 237 1.26 | 16. galoshes 36(1) 414 22 482 
2. boots 343(44) 122 294 263 | 1% sneakers 35 16 19 4.89 
8. sandals 35721) 125 132 3.57 | 18. heels 25(1) 6 19 547 
4, socks | 220(13) 85 135 3.21 | 19. oxfords 20 12 8 613 
5. slippers 159(1) 55 104 4.30 | 20. skates 20 3 17 800 
@ йыз 100(9) — S1 58 443 | 21. pumps 15 12 3 667 
7, tennis shines 101(9) — 47 54 439 | 22. ice skates 14(2) 6 8 4.50 
б ROS as(3) 27 61 3.98 | 23. cleats 13 — 13 554 
9. moccasins 79(1) 39 40 4.45 | 24. gym shoes 12 10 2 4.50 
10. snowshoes 7613) 22 34 403 | 25. nylons 12 3 9 5.22 
1l. high heels oid) 40 27 515 |26. spikes 12 2 10 4.90 
12. stockings 60 9 51 447 | 27. track shoes 120 5 1 343 
I$ thongs 5501) 35 20 520 | 28. clogs 11 0 1 = 
E flats 38 )] 11 5.73 | 29. saddle shoes 10 4 6 533 
5. skis 37 6 31 4.32 

N "e 

EL NE bedroom slippers, ski boots (1), Weejuns (1 

SE aH U—combat boots. 
SIX EN- roller skates, water skis. | 

A~ flippers, football shoes (1), hose, overshoes, spike shoes. 


a 
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FIVE—bowling shoe, cowboy boot, flip-flops, peds, voe ey ana fins. 
FOUR—brake (3), dress shoes (1), golf shoes, house slipper, mukluk. i fie — | 
БА іе, brace, climbing spikes, clutch, knee boot, scuffs, shoe ace, slings, snow i2 ius 
TURBE aa lig rs, barefoot, baseball shoes, baseball spikes, cast, desert boots, dress cord evans 
pn ens eten leather, leotards, pedal (2), rain boots, riding boots, shoestring, shower shoes, 
engineer , , Ц r 
walking shoes, ee guard, army boot, artics, bandage, beach clogs, Beatle boot, prete 
pec ар os Bostonians bright lights, bunion remover, casuals, chuck (1), Chuck Taylor M d 
shoe; boating $ lodlo pers, cole-hanns, dancing pumps, dingo, emergency brake, eyehole, finger, ep. 
(1), gag = as arch pes spikes, frog foot, Gumdrops, hammer, high boots, high-button shoes, hi XT 
рос, тп > baat Italian loafers, jump boots, Keds, lace shoe, legging, low quarters, mountain shoe, [o 
ере, 377 а реппу loafer (1), saddle oxford, shoe boot, skimmers, slip-on, spats, spurs, stirrups (1), 
ii peces sock, T-strap, tap shoes, tennis sneaker, tie shoe, tights, toe, tractor treads, waders, warm, 
Wedgies, Wellington, wing tips. 


45. Ах Insect 


Total HL. ма, Total — HL. ома. 
Response F (ist) Р F R Response Fas) F F = 
1. fly 337(112) 143 194 2.54 | 17. cockroach 36(4) 7 2? po 
BF ace 258(82) 100 158 2.78 | 18. termite 3 13 M ТБ 
3. bee 2212) 83 144 3.22 | 19; hornet 33 13 45 $41 
4. mosquito 227(42) 116 111 3.23 | 20. cricket 32(1) 10 os 159 
5. spider 177(35) 57 120 3.20 | 21. caterpillar 30(3) 8 A 5.29 
6. 'bestle 1613) 62 99 365 | 22. tick 29(1) 8 2 500 
7. roach 123(7) 33 90 4.02 23. lightning bug gi 14 Е. 142 
8. wasp 1082) — 44 64 456 | 24° water bug 22 3 2 5.00 
9. grasshopper 100(23) 43 57 3.93 | 25. centipede 20 1 sa 5.18 
10. ladybug 99(7) 34 15 3.96 | 26. dragonfly 19 8 7 548 
11. gnat 772) 24 53 443 | OF siverta 19(1) Е. 
12. moth 6201) 32 30 537 | 28. worm 17(3) ех 
13. flea 2006) 20 30 480 | 29. june bug 15 DEBRIS. 
14. butterfly 48(9) 39 49 455 | 30, lice (louse) 12 4 8 6.75 
15. bug 39(21) 19 20 1.90 | 31. locust 12(1) 4 4 750 

16. praying mantis 37 12 26 423 | 32. horsefly 11 7 i 


NINE—aphid. 

EIGHT—fruit fly, mite (1). 

SEVEN—thousand-legger, 

SIX—tsetse fly, yellow jacket, 

FIVE—bedbug, cicada, stinkbug, tarantula. 
FOUR—bumblebee, chigger, potato bug, scorpion, 
THREE—daddy longlegs, Japanese beetle (1), katydid, leech. 


TWO—black widow, boll weevil, deerfly, firefly, honeybee, larvae, pill bug, rodent, silver bug, silverfork, 
slug. 


ONE—annelid (1), bite, blackfly, cabbageworm, 


long legger, may bug, mayfly, millipede, miller 
sand fly, shrew, skeeter. i 


е izard 
coleoptera, cutworm, harvester mite, leafhopper, lizarC: 


: at 
; mouse, mud dauber, pest, pinching bug, queen bee, rat 
; terrible, water roach, weevil, wheel bug. 


46. A Ginr's First Name 


Total Ш. ма, Total Ill, ма. 


Response F (ist) F p R Response F (ist) F F сй 

233(77) 096 137 3.68 | 19. Bett 77(9) 3s 42 44 

P d 164(22) 66 98 441 | 13. Jean(ne), (e), Gene 73(7) 30 43 ge 
3. Ann(e) 160(28) 53 107 396 14. Susan 73(3) 31 42 5:88 
i. Jane 13328) 54 79 414 | ig Karen, Caren 71(8) 31 40 457 
5. Judy 128(16) 55 63 525 16. Pat 67(13) 16 51 02 
6. Carol(e) 127(11) 44 83 529 | i7. Joyce 61(6) 19 42 n 
7. Barb(s)rà 1131) 30 83 578 | jg Dian(n)e 59(7) — 23 36 MU 
8. Cathy, Kathy 10106) 38 63 649 | 19 Sally S) 23 32 572 
9. Linda, Lynda 100(10) 38 62 5.39 | 20, spa". 5204) 22 30 a 
. , 96(10) 38 58 4.60 | 21 Alice 405) 18 28 540 
r n 92(10) 40 52 5.94 | 22 Lyn(n)(ne) 46(7) 17 29 5.3 
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Total П. ма. Total Ill. Md 

Response Fs Р F R Response F (ist) F F R 

23. Sandy, Sandi(e) 44(3) 18 26 5.92 | 58. Virginia 16 8 8 10.13 
24. Ellen 43(4) — 11 32 647 | 59. Beverly 15(1) 3 12 683 
25. Helen 40(3) 14 26 6.54 | 60. Cheryl, Sheryl 15 9 6 3.50 
26. Ruth 39(1) 15 24 6.63 | 61. Leslie 15 1 14 5.64 
27. Margaret(te) 36 12 24 6.04 | 62. Harriet 14 3 11 6,00 
28. Janet 35(1) 14 21 6.81 | 63. Laura 14 2 49 6475 
29. Pam 32(3) 15 17 4.94 | 64. Phyllis 14(3) 4 10 5.90 
30. Caroline, Carolyn 30(1) 18 12 6.50 | 65. Susie 14(1) 5 9 6.33 
31. Gail 30(7) 14 16 3.75 | 66. Cindy 13 4 9 667 
32. Jill 29(3) 11 18 5.00 | 67. Betsy 12(1) 3 9 6.13 
33. June 29(4) 16 13 5.00 | 68. Chris, Kriss 12(1) 2 10 6.50 
34. Joann(e), Joane 27(1) 9 18 6.78 | 69. Diana 12 — 12 747 
35. Marie 27 12 15 7.13 | 70. Lisa 12(1) 5 7 5.57 
36. Bonnie, Bonny 26(1) — 12 14 6.00 | 71. Lois 12 6 6 7.00 
37. Debbie, Debby 25(3) 8 17 6.94 | 72. Shirley 12(1) 3 9 6.44 
38. Donna i 25(3) 12 13 5.69 | 73. Vicki(e) 12(1) 2 10 4.50 
39. Janice, Janis 25(3) 14 11 5.09 | 74. Bobbi(e), Bobby TT 2 9 644 
40, Louise 24 10 14 6.71 | 75. Fran 11(1) 2 9 5.78 
41. Beth 23 5 18 7.78 | 76. Joy 11(1) 5 6 847 
42. Elaine 243) 9 13 646 | 77. Kay M) 6 5 540 
43. Martha 22(4) 8 14 6.57 | 78. Michele 11 + 7 4.86 
44. Marcia, Marsha 21(3) 9 12 4.58 | 79. Paula 100) 5 6 617 
45. Sara(h) 21 10 11 8.09 | 80. Arlene 10(1) 3 7 743 
46. Sherry 20(1) 7 13 7.15 | 81. Brenda 10(1) 4 6 7.83 
47, Elizabeth 19(2) 11 8 7.88 | 82. Connie 10(1) 4 6 6.83 
48. Marilyn 19 11 8 5.50 | 83. Doris 10(2) 2 8 6.13 
49. Terry, Ter(r)i 19 8 11 6.00 | 84. Dorothy 10 3 7 8.00 
50. Barb 18 13 5 5.20 | 85. Gloria 10 2 8 7.25 
51. Peggy 18 1 17 6.18 | 86. Irene 10 6 4 9.25 
52. Jackie 17 6 11 7.27 | 87. Jan 10(1) 5 5 7.60 
53. Julie 17(1) 8 9 7.58 | 88. Liz 10 5 5 7.20 
54. Rita 17(3) 8 9 7.33 | 89. Marge 10 2 8 5:75 
55. Sandra 17(1) 4 13 7.85 | 90. Margo 10(1) 5 5 7.60 
56. Ailene, Eileen 16(2) 5 11 6.82 | 91. Patricia 10 5 5 7.60 
16 4 12 7.83 | 92. Suzanne 10 1 9 6.56 


57. Frances 
ni(e), Jo, Margie, Patty-Patti, Sheila, Wendy (1). 

Grace, Lee (1), Marian-Marion, Molly (1), Rose (1), Theresa. 
Gertrude, Laurie, May (1), Paulette (1), Penny, Sylvia. 

Ethel, Evelyn, Florence, Iris, Julia, Kim, Lucy, Rhonda, 


NINE—Gerry-Jerri, Ginny, Jenny-Jen 
EIGH T— Charlotte (2), Christine (1), 
SEVEN—Dottie- Dotty (1), Georgia (1), 
SIX—Amy (1), Annette, Charlene-Sharlene, 


Shelly. 


FIVE—Anna (1), April, Candy, Carla-Karla, Catherine-Katherine, Clair(e)-Clare, Delores (1), Lorraine, 


ati / 1), Mary Ann(e), Rebecca, Robin, Rosemary, Tina, Tony-Toni. 
оше ^ «enata pe Pm (1), Becky, Dale, Darlene, Dawn, Denise, Ella, Emily, Esther, Jeanette, 
Kitty (1), Madelyn (3), Maggie, Mildred, Monica (2), Natalie, Patsy, Rene, Roberta, Samantha, Trudy, 


ivi J ji є 1 3 H . 

uim Wanda, m. Cynthia, Deanna, Debra, DeeDee, Dodie, Doreen, Edith, Edna, Eleanor, 
Emma Eve (1) Faith, Gay, Heather, Holly, Jacqueline, Jennifer (1), Josephine, Kathleen, Katie (D, 
Loreto Mart "Магу Ellen, Mary Lou, Matilda, Maxine, Melanie (1), Melinda, Melissa, Millie, Nina 
(1), Мәна, Pally, Renee, Rochelle (1), Stephanie, Suzy, Tammy, i enis Че. © 4 

TWO—Abby, Abigail ‘Adrienne, Angela, Angie, Annie, Babs (1), Bev, ridgette, Camile, assandra, 
Cherie, Coreen Dana Danine, Deena, Desi (1), Dora, Elsea, Elsie, Elvira, Enid, Faye, Frieda, Georgette, 
Geraldine се ur t Gladys, Gretchen, Hilda, Hope, Ingrid, Isabelle, Janette, Janie, Jeannine, Johanna, 
Kimberly, Гав Lauren, Libby, Lil, Lillian, Lily, Lucile, Lynnette, Mara, Maureen, Merle, Mona, Myra, 
Olivia, Posie "Pearl, Rachel, Resa, Ronnie (1), Rozzy, Ruby (1), Saundra, Selene, Shan, Sonia, Sonny, 


Stella, ” Thomasina. : К А 
ON E i | ау ЦЬ : pesce M Alicia, Alison, Amelia, Anice, Arilee, Arlys, Auga, August, Babette, 
Barbie, Bea, Belle nucis Bernice, Bertha, Bess, Brunhilde, Cary, Cherry, Chita, Cile, Cis, Clara (1), 
Clarabelle, Claudette (1) Claudia, Cleo, Cleopatra, Colleen, Columbine, Cookie, Cora, Cornelia, Cuchi, 

‚ ] ' inda, Di, Diette, Dixie (1), Dollie, Donaileen, Don, 


agmar, Daisy, Dalia, Danita, Dean, Deda, Delinda, Be GES oe 
Eddie, аео, Eldine, Eleanora, Elle, Eloise, Elsa, Ету, Ena, Estelle, Eva, Evie, Felicia, Fontaine, 
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French Fry, Garland, Gary (1), Genette, Gina, Gleda, Goldie, Gwen, Gwendolyn, Gynn, Hallie, Hanaka, 
Hanly, Hattie, Henrietta, Hepsebah, Hilaire, Honey, Ida, Псап, Imogene, Inda, Janna (1), Jeanie, 
Tigamy Joanie, Jody, Jolinda, Jolna, Jose, Judith, July, Kassi, Kate, Kelly, Kemet, Kerry (1), Kitty Ann, 
Kristy, Lalah, last name, Lauretta, Laverne, Leah, Letitia, Lidia, Lolita, Loray, Lore, Lorel, Lorena, 
Lorene, Lori, Lota, Lou, Louisa, Lucia, Lue Ann, Lyvia, Mable, Magda, Mandy, Mardee, Marianna, 
Marianne, Marietta, Marjorie, Marvine, Mary Alice, Marygene, Matty, Maurita, Maxie, Maybelle, 
Melba, Melody, Merie, Meridith (1), Merilee, Merrikay, Mimi, Mindy, Minette, Minnie, Missy, Monique 
(1), Mony, Muchacha, Muriel, Nadya, Nicky, Noel, Norda, Odeil, Pamela, Phyl, Priscilla, Pritchie, Rage, 
Веја, Reva, Riz, Rodney, Коттеу, Rosalie, Rosalyn, Rosanne, Roxanna, Sadie, Sally Ruth, Sarah Jo, 
Sean, Shari, Simone, Simpson, Sin (1), Skip, Sophie, Stacy, Steffie, Sterling, surname, Susanna, Sydney, 
Tamara, Tanya, Tillie, Toby, Tracy, Ursula, Valerie, Vallie, Vee, Velva, Vera, Vi, Wally, Waltrout, 
Wilhelmina, Winifred, Yardahnka. 


47. A MarE's First NAME 


Total ш. 


Md. | Fowl ОШ. Md. 
Response F (ist) F F R Response Fibu F P R 
1. john 274(81) 95 179 3.96 | 47. Ray 2303) 7 16 64 
2 Bob 217(52) 82 135 4.25 | 48, Brian mm 7 15 547 
3 Bill 2028) 08 131 436 | 49. Tim 2201) о 16 6.75 
4. Jim 199(29) 93 106 5.06 | 50. Wayne 2102) 7 14 6.57 
5. Tom 179028) 77 102 497 | 51. William TT 6 15 6.80 
6. Joe 122(9) 36 86 5.72 | 52. Doug 062) 7 13 6.69 
7. Dick 11303) 30 63 602 | 53. phil 20 2 18 6.00 
8. Mike 10811) 40 68 650 | 54. Roger 004) 10 10 6.60 
9. George 107(10) 48 59 5.78 | 55. Harvey 1901) 3 16 7.06 
10. Jack 102(5) 36 66 5.59 | 56. Howard 19 4 125 753 
11. Harry 912) 32 59 612 | 57. Barry 18 7 M 5.64 
12. Steve 89(12) 39 50 6.06 | 58. Andy 17 6 11 936 
13. Larry 823) 34 48 713 | 59. Joseph 17 3 14 6.14 
14. Frank M7) 24 50 622 | 60. Roy 17(2) 6 11 8.09 
15. Paul 703) 26 41 668 | 61. Edward 16 6 10 9.00 
16. Sam 672) 30 37 792 | 62. Gene 16(2) 6 10 7.50 
17. Richard 613) 14 50 6,38 | 63. Lee 16(4) 6 10 5.00 
18. Dave 62(4) 27 35 646 | 61. Dennis 15(1) 8 7 7M 
19. Fred 59 14 45 729 | 65. Thoma: 15(2) 5 10 740 
20. Mark 51(3) — 26 25 6.68 | 66. Pat 14 5 9 778 
21. Charles 50 15 35 8.11 | 67. Dale 13 6 7 72 
22. Jerry — 50(5) 19 31 6.61 | 68. Allen 12(1) = 15 T7 
23. Ed, Eddie 49(5) 24 25 624 | 69. Arthur 12 3 9 733 
24. Pete 49 21 28 7.61 | 70. Greg 12(2) 6 6 7.67 
25. Rick 49(2) — 17 32 734 | 71. Kevin 12 6 6 6.83 
26. Robert 48(5) 19 29 610 | 72. Rich 12 4 8 650 
27. Don 45(1) — 16 29 8.69 | 73. Vince 12(1) 5 7 729 
28. David 43(3) — 11 32 6.78 | 74. Albert 11(1) 1 10 7.90 
29. Bruce 40) — 12 28 689 | 75 Ean 11(1) 2 9 7.76 
30. Gary. 39(3) 21 18 6.78 | 76. Glenn 11(2) з 8 6.75 
31. Carl, Karl 38(4) 14. 24 5.67 | 77. Harold 11 5 б 8.00 
32. Henry 38 13 25 6.96 | 78. Jay 11) 3 8 6.88 
33. James 38(2) 9 29 583 | 79. Marty 11 6 5 6.80 
34. Ron 37(5) 23 14 4.86 | 80. Stephen 11(3) 4 7 6.29 
35. Ken 35(3) — 21 14 529 | 81. Watt T з 8 888 
a6. Michael 30(4) 10 20 545 | 82. Donald 10(2) — 10 5.80 
3 a 282) — 13 15 740 | 83. Hank 10 2 8 6.00 
38. Chuck 27(4) 14 13 5.85 | 84. Herman 10 4 6 6.33 
39. Jeff 27 8 19 6.74 | 85. Luke 10 s 5 7.60 
40. Ralph 27(1) 9 18 6.78 | 86. Neil 10(3) 3 7 8.00 
41. Terry 27 15 12 5.75 | 87. Nick 10 э 8 875 
42. Alan, Allan 25(6) 19 16 5.94 | 88. Philip 10 4 6 6.50 
43. Dan 25(4) 16 9 7.56 | 89. Russell 10(2) 6 4 645 
44. Peter 25 13 12 842 | 90. Tod 10 5 5 5.20 
45. Ted 24(4) б 18 6.50 | 91. Warren 10 2 & 763 
46. Tony 24(2) 5 19 642 
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о> 
- 


NINE— Ben, Chris (1), Lenny, Lou (2) 

FIGHT Alex (1), Art, Charlie (1), Danny, Denny ( 1), Elmer (1), Kenneth, Matthew, Max, Ronald, Skip, 
St Stuart. 

Craig, Eric (1), Keith (1), Lloyd, Louis, Randy (1), Russ. 

Alfred, Arnold, Burt (1), Clyde, Curt-Kurt (2), Dean, Kenny (1), Mac, Sid (1), Sidney, Walter. 

К D z— Abe (2), Brad, Brent, Daniel, Eliot, Joel, Matt (1), Mel (1), Norman (1), Scott, Stanley (1), 

imothy (1). 

FOUR-— Adam, Alvin, Benjamin, Bernie (1), Butch (1), Ernie, Francis, Gordon, Herb, Ira (1), Jacob (1), 
Jeffrey, Kent, Lawrence, Len, Leonard, Marvin, Rob, Ronnie, Ross, Sonny, Vic, Victor. 

THREE—Aaron, Andrew, Benny, Bernard, Bud, Calvin, Chip, Darryl, Duane, Ernest, Erwin, Gus, Guy, 
Gregory (1), Homer, Horace, Johnny, Leo, Leon, Les, Louie, Lyle, Martin (2), Maurice, Mickey, Mitchell, 
Patrick (1), Ricky, Rodney, Terrance, Timmy, Vernon, Wally, Will, Willy. 

TWO Adolf, Anthony, Brooks, Buddy, Cal, Cary, Cecil, Christopher (1), Everett, Fritz, Gerald, Gill, Hal, 
Harris, Herbert, Howie, Hugh, Irving, Jason, Jeb, Jimmy (1), J ulius, Kim, Lance (1), Lem, Leslie, Lonny, 
Lynn (1), Manny, Melvin, Mick (1), Moe, Nat (1), Nicholas, Norm (1), Norris (2), Oscar, Randolph, 
Richie, Ringo, Roland, Sammy, Sean, Simon (1), Sylvester, Theodore, Tommy, Vincent, Zeke (1). 

ONE —AMarie, Ale, Alowisha, Alvard, Amos, Arie, Arnie, Artie, Ashish, Audy, Barnett, Barney, Barthol- 
omew, Berk, Bernett (1), Biff, Billy, Blondie, Bobby, Bradley, Bret, Bryant, Buck, Burton, Burtram, 
Burr, Buster, Buzz, Caesar, Carlton, Carter, Chad, Chat, Chatard, Chauncy, Chet, Cid, Clark, Claude, 
Clayton, Clint, Clive, Coleman, Colonel, Conrad, Conway, Courtney, Crawford, Croft, Dad, Darren, 
Den, Dike, Dicky, Doc, Donnie, Dres, Duff, Dudley, Duke, Duncan, Edwin, Eli, Ellis, Emory, Ervie, 
Eugene, Eulo, Evan, Felix, Fishy, Galen, Gaylord, Gerry, Gilbert, Gordy, Govindjee, Gray, Сий, Groosy, 
Guido, Gustav, Hall, Haman, Hammond (1), Hans, Hap, Harris, Hartley, Hazen, Heinz, Hershel, Ivan, 
Ives, Jake (1), Jared, Jeremiah, Jesse, Jesus, Job, Jobie, Jody, Joey, Jonathon, Jordon, Jose, J ules, Julian, 
Junior, Kelvin, Kerry, Klaus, Knowles, Labon, Larue, Lass, Leif, Leland, Lester, Lew, Lewis, Lincoln, 
Lon, Loren, Lorenzo, Lyman (1), Lyndon, Malcolm, Mandel, Marshall, Maury, Milford, Miller, Milton, 
Morgan, Morris, Mortimer, Morty, Murray, Muriel, Mussolini, Mutt, Myron, Nelso, Nelson, Nema, 
Nimo, Octavious, Oedipus, Olin, Orville, Osbourne, Otto, Percy, Perry, Pierre, Pop, Rafael, Rathkin, Reg, 
Reggie, Rex, Robby, Robin, Rog, Rory, Rubin, Rusty, Ruhl, Sandy, Saul, Scottie, Selby, Selwyn, Seth, 

Shawn, Sheldon, Shellie, Shire, Sin, Smith, Sol, Stu, Stuart, Taylor, Throckmorten, Tiny, Tonie, Troy, 
Vance, Virgil, Vito, Wade, Wes (1), Wiley, Wilfred, Willard, Winston, Wolfgang, Woody, Navier, Yogi, 
Yule. 


48. A FLOWER 


(Total M. Md. | Total M. Md. 

Response PUG E F R Response F (ist) F F R 
1. rose 421(251) 163 258 1.75 | 18. sunflower 36(10) 13 23 2.91 
2. tulip 209( 25) 109 100 3.46 19. azalea 33 4 29 4.97 
3. carnation 183(4) 73 110 4.04 | 20. gladiola 32(1) 14 18 5.00 
4. daisy 176( 48) 54 122 2.96 | 21. lily of the valley Ba 1) 14 15 5.27 
57 walet 147(8) 69 78 4.05 22. snapdragon ЫЧ : 10 16 519 
6. orchid 135(4) 52 83 3.28 23. poppy | Rm 9 ^ sg 
7. chrysanthemum 124(8) 50 74 430 24. black-eyed Susan oo a ae 
8. lily 108(5) 38 70 4.17 25: zinnia 21(2) 3 4 
9. pansy 108(17) 37 71 3.70 26. jonquil 18(1) 7 п = 
1D. рерна 101(10) 46 55 2.93 | 27. buttercup 17(1) 4 13 ae 
fh. garden 89(9) 26 63 3.75 | 28. marigold 1701) " i Ep 
12. daffodil S75) — 43 4 3.91 | 29. sweet pea 15 5 10 5.10 
13, dandelion 75(2) 31 44 441 | 30. morning glory 14 5 9 3. А 
14. iris 53(6) 36 17 471 | 3l. magnolia 18 8 5 7.0 
15. lilac 45 27 18 5.22 | 32. aster 1201) т 5 660 
16. geranium 3802) 17 21 4.62 | 33. hyacinth 11(1) Я 6 im 
17. peony 38(3) 26 12 4.33 | 34. camellia 1001) 2 8 288 


NINE—begonia, poinsettia. 

© IGH T— bachelor's button (1), crocus, posy (1). 

SEVEN-—bluebell. 

F Ih dogwood. 

M VE-— bleeding heart, cherry blossom (1), 
UR—African violet, apple blossom, d 

William, 


TI 


tiger lily, water lily. | 
аһа (1), flag, four-o'clock, narcissus, orange blossom, sweet 


IREE— fleur-de-lis, forget-me-not, forsythia, hollyhock, wild. 


38 WILLIAM F. BATTIG AND WILLIAM E. MONTAGUE 


ibi suck sturti > »hlox, 
TWO—bloom (1), bridal wreath, clover, garden, goldenrod, hibiscus, honeysuckle, nasturtium, petal, p 
ink 2 ododendron, snowball. мещ 
pink, d arbutus baby’s breath, beauty, bells, blossom, bluets, bud, calendula, S 
i tals f j i , 1 ©] i sf U 
E Beh 1 i (1), fragile, girl, green, jasmine, laurel, leaf, mountain laurel, orchard, organdy blos RS 
repe ES persimmon plant, portulaca, red rose, snowdrop, spring, stem, sweet, tuberose ' 
pea OSS , D , à 5 У - 
йезе wallpaper, wax plant, weed, white carnation (1), yellow rose. 


49. A DISEASE 


Total Il. Md. Total Hl. Md. 
Response Е (ist) F F R Response F (is) F F ы 
316(143) 116 200 2.34 | 19. diphtheria 30(1) 11 19 4.37 
^ е ТИИ 20 ^ 74 136 3.02 | 20. venereal disease 307) 11 19 ay 
3 measles 168(46) 91 77 345 | 21. diabetes 201 1) 7 19 iu 
4. heart disease 133(11) 48 85 30 | 22. wonorrhea 2501) $ 241 
5. polio 126(16) 51 75 3.59 | 23. yellow fever 25(2) 1 2 413 
б. сһіскеп рох 11609) 60 56 3.93 | 24. arthritis . 24(2) : 2 "o 
7. mumps 115(12) 63 52 4.33 | 25. multiple sclerosis 21 ) ш 3:56 
8. cold 90(17) 40 50 3.24 | 26. rheumatic fever 19(1) 10 Й 520 
9. smallpox 71(19) 28 43 342 | 27. muscular dystrophy — 15 5 10 257 
10. leukemia 63(16) 21 42 2.55 | 28. whooping cough 15 8 T 300 
11. mononucleosis 37(11) 30 27 3.59 29. cholera 13(3) 6 7 a 
12. malaria 54(19) 22 32 2.78 | 30. hepatitis 13(2) 5 8 129 
13. syphilis 5111) 11 40 3.78 31. Parkinson's disease 13 6 a 330 
14. pneumonia 50(8) 28 22 341 | 32. alcoholism 12(2) 2 An 
15. flu 48(1) 29 19 4.00 | 33. beriberi 12(4) 3 0 240 
16. leprosy 4105) 259 19: 3.58: | 31. rickets 12(2) вто 
17. typhoid 43(6) 16. 27 5:59 | 35 wire 1101) | 4 : 
18. scarlet fever 39(1) 20 19 4.26 


NINE—rabies (2). 
EIGHT—mental illness, tetanus. 


SEVEN—arteriosclerosis, athlete's foot, cerebral palsy, dysentery, emphysema (2), encephalitis (1), hemo 
philia (1), influenza, Pick's disease (2), plague (1), scurvy (1), yellow jaundice. 
SIX—typhus. 
FIVE—asthma (1. bronchitis, 
FOUR—brucellosis, bubonic pl 
trench mouth (1). 
THREE—Addison’s disease, black pla: 
fungus, kidney disease, meningitis, rheum: " 
TWO—allergy (1), anthrax, bad (1), cirrh Я ion, fever, food poisoning, gangre, 
glaucoma, infantile paralysis jaundice, liver, lockjaw (1), lung, neurosis, paralysis, psoriasis, Кө, 
Mountain spotted fever, гоѕеоја, schizophrenia, sore throat, spinal meningitis, thyroid, varicose Ye r- 
ONE—acne, agnosia, amoebic dysentery, angina, anorexia neurosis, bishop's disease (1), blindness o 
cinoma (1), cardiac, cardiac insufficiency, cardiovascular, circulatory, clap, croup, cure, cystic fibros!*: 


. + i r 
; с addiction, earache, eczema, eye, fight, German measles, goite à 
hardening of the arteries, heart trouble, high blood pressure, hormone imbalance, hypervitaminosis 


| rot, kidney ailment, kwashiorkor, lung cancer, lung infection: 
lymphosarcoma, mania, mental health, myotomy, osteoarthritis, paranoia, paresis, pellagra, peritonitis, 
pinkeye, poisoning, polygamy (1), psychology, ptomaine Poisoning, pyorrhea, rikettsiae tsutsugamushi, 
ringworm, Saint Vitus's dance, salmonellosis, Scabs, 


1 school, scoliosis (1), senile paresis, shigellosis, shingles, 
skin cancer, spinal anemia, staph (1), stomachache, Tay-Sachs disease, ulcer, undernourished. 


sleeping sickness, tonsillitis (1), 


: "NT sv, stroke, 
ague, coronary (1), epilepsy, hay fever, Hodgkin's disease, palsy, $ 


50. A TREE 

Total Ill. Md. Total IL. Md. 

Response Füs) Е F R Кеѕропѕе Fist) F Е КЁ 
394(202) 156 238 1.95 6. birch 134(14) 70 64 4.28 
p. 314(53) 124 190 $00 | 7. cherry 190) 4g 71 54 
ue 21414) 65 149 397 | 8 ама 844) 13 71 489 
A ja 210(60) 126 84 2.64 | 9 Spruce 74(5) 15 59 8 

5. apple 163(13) 65 98 4.95 | 10. redwood "5) 22 49 4 
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Total Ill. Md. Total Ill Md 
Respouse F (ist) F F R Response Fs) X F R 
^ peach . 67(2) 24 43 5.95 | 26. orange 29 11 18 7.72 
2. weeping willow 67(4) 38 29 4.79 | 27. magnolia 20 13 7 Ms 
is, walnut 641) — 21 43 44 | 28. tulip 18 8 10 430 
4. fir 60(2) 20 40 5.38 | 29. locust 17(2) 8 9 433 
18. hickory 501) 27 23 417 | 30. plum 17 7 10 4.80 
16. pear 492) 13 36 847 | 31. cottonwood 14 12 2 3.50 
17. sycamore 46(6) 18 28 4.39 | 32. gingo 13 11 2 3.00 
18. ash 45(6) 30 15 4.07 | 33. sequoia 13(2 7 6 5.83 
19. рәр 4504) 22 23 3.96 | 34. Christmas n 5 8 5.50 
20. willow 41(5) 2 39 4.67 | 35. holly 11 — 1 436 
21. chestnut 38(2) 10 28 4.64 | 36. mimosa 11 2 9 489 
22. cedar 31 8 29 5.14 | 37. cypress 10 3 T 5,71 
23. емесшн 30(3) 17 19 5.58 | 38. lemon 10 3 7 6.00 
24. palm 30(3) 16 14 4.93 | 39. mulberry 10(1) 5 5 3.60 
25. beech 29(2) 7 22 5.05 


NINE—fern, tig, mahogany, redbud. 

EIGHT—catalpa, eucalyptus, fruit, gum, hemlock. 

SEVEN—sassafras. 

SIX—acorn, aspen (1), crab apple, white pine. 

FIVE—balsam, pussy willow, rubber, teak, white oak. 

FOU R—balsa, banana, Chinese elm, coconut, deciduous, honey locust (2), linden (1), pin oak (1), red maple, 
sugar maple, tulip poplar (2), white birch (1), yew (1). 

TH REE--apricot, box elder, cherry blossom, hawthorn, huckleberry, pecan, sumac, silver maple, sweet gum. 

TWO—bark, basswood, beechwood, black gum (1), black oak, blue spruce, branch (1), coniferous, grape- 
Íruit, green, honeysuckle, horse chestnut, ironwood, juniper, olive, persimmon, sapling, Scottish. pine, 
shade (2), tree of heaven, Versailles (2). > 

ONE—agreement, arbor (1), bamboo, bean tree, beechnut, big, bird, blackjack oak, black locust, black pine, 
boysenberry, box (1), broken, Bryce Canyon, buckeye, cigar, coffee, cork, crab tree, Douglas fir, dwarf, 
elder, elderberry, elephant ears, family, flowering cherry, hardwood, hazel, jack pine, Japanese cherry, 
Judas, jungle, large, laurel, leaf, lilac, lime, little, live oak, lodgepole pine, Lombardy poplar, mangrove, 
maple leaf, mass, money, mountain ash, mustard, Norway maple, orchard, paper, Paris, peanut, petrified, 
piñon, queen of heaven, rain tree, red ash, red haw, red oak, rose of Sharon, Russian olive, sap, sarsaparilla, 
seedling, shoe, silver birch, small, soft maple (1), sorghum, Spanish oak, star gum, sugar gum, tall, thistle, 


Virginia pine, weeping cherry, white gum, white maple, wind, worm, yellow pine, yellow wood. 


51. A Tyre or Suir 


Total lll. Md. Total Ш. Md. 
Response Е (ist) F F R Response F (ist) Е Е К 
1, sailbo: 177(54) 76 101 3.03 | 21. tanker зз) 8 26 427 
2. hail 157(40) 56 101 2.91 | 22. boat 3306) 5 28 139 
3. battle” 150057) 47 103 2.71 | 23. clipper 33(24) 11 22 2.36 
4. cruiser 140022) 51 89 3.22 | 24. barge 26(3) 9 17 453 
5. submarine 122017) 37 85 3.80 25. sloop 26(7) 12 14 3.57 
6. ocean liner 116(15) 49 67 3.51 | 26. steamboat 26(3) з 58 167 
7. rowboat 109(21) 60 49 3.92 | 27. carrier 24(2) 1 23 543 
с aircraft carrier 107(6) 43 64 3.80 | 28. speedboat na 10 14 421 
iy Yacht 81(8) 31 50 3.32 | 29. dinghy | (4) 13 8 3:88 
9. canoe 79(9) 35 44 395 | 30 cabin cruiser 20(1) 3 17 3.94 
П. freighter 67(8) 15 52 385 |31 fishing 19 5 14 4.69 
12. tugboat 0105) 26 Él 458 | 32. steam liner 18(2) — 9 9 289 
13. steamship 55(13) 23 32 292 | 33. raft 1500 — 5 10 5.70 
"d P T boat 50 16 34 447 34. runabout 14(2) 5 9 344 
"| Schooner so(19) 25 25 2.68 | 35. warship 14(3) 5 9 2.89 
M liner 120) 15 27 445 | 36. ferry 13(1) 3 10 4.90 
1g Motorboat 41(1) i4 27 341 | 37. frigate 12(1) 6 6 2.50 
19: Passenger 41(6) 5 36 3.83 | 38. oil . 12 т 5 480 
2y Cargo 36(3) її 25 3.92 1 39. luxury liner 11(1) 3 8 3.38 
outboard 10 5. 5 440 


0 
` Steamer 34(6) — 12 22 382, 10. 
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NINE—transport. 
EIGHT—cutter (3). 
SEVEN—vessel (3), whaling, yawl. 
SIX—flatboat, inboard, skiff (1). 
FIVE—landing ship tank, launch (2), sailing ship (3). 
FOUR—banana boat, catamaran, junk, kayak, ketch, minesweeper, pleasure, scow 
THREE —airplane, brig, flag, galleon, gunboat, houseboat, icebreaker, merchant n е 
rocket ship, torpedo boat (1), trawler, U-boat (1), water. dbi 
TWO—air, atomic (1), bark, destroyer escort, diesel, dredge, fireboat, friend ( 1) 
man-of-war, navy, nuclear ship (1), outrigger, pleasure cruiser, pirate ship, Queer 
pan, ship, ship of state (1), spaceship, supply, tramp steamer (2), tub, U.S. S 
(1). Йй 
ONE—airtield, aircraft, army, battleboat, big (1), blimp, blue, Боп 
irter (1), coast guard, coaster, commercial, commer 
cruise liner, deck, escort, first aid, flattop, float, floati 
full-rigged, Goodship Lollypop, harpoon boat, horn, 1 
(1), log canoe, LPD, LSD, luxury bo; 


tender 
al i19, private, repair, 


Ironsides, longship (1), 
, 1 Магу, riverboat, sam- 
5. 5. Constitution, windjammer 


blue, iber, breadth, brigantine, cache, catboat, 
cial liner, conga ship, crawler, Chris Craft, cruise. 
ng dry dock, Flying Dutchman, freight, fuel ship. 
| , ake, land, landing vessel, large (1), LD4, Liberty 
size, merchant vessel, military best а uxury cruiser, ru master (1), Mayflower, medical, medium- 
Rose я А? у at, tor cruiser, naval destroyer, ni . $ 

^ Sr ir secede Ы , E » nine-liyer, nuclear subm n oar, 
ocean voyage, oil tanke > ; 3 yer, i arine, 
sailors SCA ec Mf. DUE анг paddle wheel, passenger liner, racing, radar rough, sailfish (1), 
Е 5, SCd » SCENIC, scope, se; sis ] ^ У, ar, 5 s 
Divine ID ми н 1, ship ines mug boat, sight-seeing, skipper (1), small squ ire-sailed, 
8 1 c rs ent, Swamp craft, swift, tank, Titanic as ; Small, squi ins 
vacation ship, Viking ship, voyage (1j Хем жы Ие, tourist, tewboat, tramp, troup, turbine, 


Total ОШ Md. | |, Md. 
1 =н ram gs og R Response К ca ү Ё К 
. trout ы ia 
2. bass OE E 374 | эв мыны 15) оп 10 438 
3. shark 17609, 93 111 3.81 | 26. sailfish E EH 10 11 5.09 
4. herring ИО) ВР 110 aar] 27. робе w ) M 5.02 
5. catfish fee 57 104 2.99 | 28, shad 26(4) 2 2% 3.65 
б. perek nau TS 68 4.15 | 29. spot 25 - 358 8404 
X тана meu 72. 71 310 | 30. lobster 24(4) 12. 12 442 
8. tuna iugo. O2 BD 5:93 | gi. Heidi: 12(5) 5 17 2.88 
9. goldfish 129020) — 89 80 395 | 32. music 2 Mot - 
10. swordfish ns ; 15 82 3.77 | 33. crappie 210) 18 3 8.33 
11. sunfish 80(7) 3 56 438 | 34. angel 2001 6 ] 4.30 
Г e SOME NE IE — n 4 16 4.38 
13. rock (ип) 22 55 158 | 36. halibut 2004) i 7 3:29 
14. cod 69024) Е. 70 3.83 | 37. white 2001) 6 14 3.86 
15. bluegill 64(3) 2 16 2.74 | 38. sardine 18(2 5 13 48 
vae ab 9 17 58539 поь 25 а i48 
17. pike 5803) = 22 3.14 | 40. eg d : 14 4.04 
18. minnow 54(2) 15 = I E oyster 17(1) 6 11 £6 
19. guppy š - walleye n 
20. a S T Fa pes 13. clam. PS * m 4.80 
21. marlin 33(2) 8 25 540 2 red snapper 15(1) 10 5 480 
22. shrimp 33(3) 15 18 3.72 46, dol РЕ 15 B = i 
23. barracuda 31(2) 10 21 543 | 47 Sp 11 1 10 6.7 
24. bluefish 30 i 38 sTi * Piranha 10 4 6 5.33 


NINE—sturgeon. 

EIGHT—garfish, jellyfish (1), squid (1), starfish (1). 

SEVEN—dogtish (1), pickerel (1). 

SIX—bullhead, sucker, tarpon. 

FIVE—bonefish (1), butterfish (2), crayfish (2), flying, grou as | 

FOUR-—black mollie, bluefin, hammerhead, northern, jay, к: =. King, ошар, tropical. 

THREE—bulllish, hardhead, lox, porgy (1), rainbow, scallop, «ей Шога к toadfish (1). ch 
(1), zebra (1). © ЭПаррег, swordtail, yellow per 

TWO—angler, billy gar, black bass, bonito, Crossopteryyian, gefillte, | 


4 arge- ace ainbow 
trout, salamander (1), sawhish, small-mouth bass, smoked fish, steak Se-mouth bass, puffer, rain? 


а af Š arlin- 
tadpole, weak fish, white ma” 
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ONE albatross, alligator fish, anchovy, balloon, baton fish, beta, blackfish, blue marlin, bony, box, brook 
trout, bugeye, buttered, carp, Charlie the Tuna, chub, clear water, club, cowfish йет. би рге disk 

+ tish, elhsmokrhuch (1), elwy, falltish, fluke, frogfsh, lamprey, lion, manta ray, ву Dick. malis: 
mullet, neon tetra, Pisces (1), pompexa, popeye, salt, salt water, schrapper, scorpion, sea, seafood (1). 
sea lion, sea robin, seal, sheepshead, shell, shiner, silver, small, smelt, snail, speartish, stove, stripper. suiit; 
tapper, tradtish, tucker, walking fish, water, white bass, white perch, vellowbellv, vellowtail. à 


Total ш. Md. "Total Ш. Md. 

Response F (ist) F F R | Response F (st) F F К 
l. rattle, rattler 374(190) 153 221 2.10 | 14. green 49(5) 12 37 3,92 
2. black 357034) 22 135 3.04 | 15. king 39(1) 19 20 4.30 
3. cobra 188030) 76 113 3.02 | 16. grass 3302) 19 14 3.93 
4. copperhead 162(30) 41 121 2.88 | 17. diamondback 32 17 15 4.33 
5. garter 161021) 97 OF 3.69 | 18. blue racer 28 26 2 6.00 
6. water moccasin 146(5) 85 ol 4.00 | 19. water 27 1 336 442 
7. garden 125(13) 40 85 3.75 | 20. bull 20(3) 14 6 4.33 
8. python 115(18) 50 05 3.48 | 21. moccasin 19(5) — 19 4.47 
9. poison(ous) 113(5) 96 17 3.06 | 22. milk 18 11 7 5.00 
10. coral 90(11) 42 48 3.85 asp 10(4) б 10 3.20 

11. Боа 7006) 54 22 4.77 black jacket 15 15 = = 
12. boa constrictor 63(13) — 63 3.35 anaconda 11 3 B 5.13 
13. cottonmouth 5106) 24 27 3.96 . Viper 11(2) 3 8 3.38 


NINE—sidewinder. 

EIGHT—diamond head (1), eel (3), pit viper (2), worm (4). 

SEVEN—reptile (4). 

SIX—long (1). 

FIVE—adder, constrictor. 

FOUR—nonpoisonous, tiger, venom (2). 

THREE—bite, black panther, bushmaster, corn, cow, hognose, lizard (1), ring, serpent (1). 
TWO—brown, coil (1), crawl, dangerous, diamond, indigo, king cobra, rat, rock, timber rattler, ugly, 


venomous, vine, yellowbelly. 
ONE—Adam, amazon, animal, annelid, apple, arm, black lace, black moceasin, blue, blueback, blue lace, 
cottonmouth moccasin, deadly, earthworm, Eve, Eve's downfall, fear, fer-de- 
lance, field, field viper, tish, flathead, flesh, floor, fox snake, frog (1), frog-nosed, gardener (1), garnet, 
glass, gold snake, gopher, gut viper, harmless, heat, hoop, hornet, Indian head, kill, krait, leg, lung, mote 
(1), mud dumber, nice, panther (1), pathanon (1), pig, piper, pretty, puff adder, puffer, racer, racing, red, 
redback, redbelly, ribbon, ringtail, round snake, safe, scales, scaley sea, short one, skin (1), skinny, 
snakebite, snake in the grass, snake meat, spider, spotted, striped, swamp, three-foot, tree, turtle (1), 


varmint, whip, yellow. 


broom, caterpillar, condor, 


54. A City 


Total Ill. Md. | Total Ill. Md. 

Response F (ist) F F R Response Fii F F А 

l. New М 361(95 48 213 2.57 | 14. Champaign 45(4) 45 — — 
2. Citas pier 1 161 109 4.25 | 15. St. Louis 4504) 29 16 544 
3. Los Angeles 194(3) 93 101 4.72 | 16. New Orleans 39(2) 231 18 5.56 
4. Washington i941) 21 158 281 | 17. Rome 36 20 16 6.19 
> San Francisco 173(5) 78 95 5.21 | 18. Urbana Bd; 3 — = 
- Baltimore 165(75) 7 158 2.45 | 19. Cleveland 3101) 12 19 4.89 
Й London sid) 53 31 487 | 20. Pittsburg 30(2) à 26 5.31 
A, Paris 844) 48 36 4.94 2L. Denver 1) 15 13 477 
19° Miami 79(1) 22 57 5.68 | 22. Houston 27 i 1% halt 
ü Boston 74(11) 22 52 406 | 23. College Park 23(3) = 3 3M 
iy Philadelphia 63(5) 14 49 3.90 | 24. Tokyo Bo 10 7 AS 
13. Detroit 52(6) 20 32 472 | 25. Silver Spring 25) И 2) 3.68 
* Dallas 50 19 31 7.10 | 26. Springfield 2243) Th i = 
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Total m ма. Total — HL — Md. 
Respame Fis) Е Е R Response Füs FOF R, 
эр, : І 21 12 9 6.11 | 38. Columbus 12 0 0 ape 
tW n en 3001) 7 13 4.62: | 30. ansas Ciny 12010 1 11 591 
26. pans 19 12 7 5.71 | 40. Minneapolis 12(2) 3 o 8. 
Du is 18 Yi 11 5.64 | 41. Decatur 11) n ipe 
30. Tampa Б 17(1) 17 4.35 | 42. Madrid 11 5 б di 
E T 3 Ыы 557 | 43. Milwaukee T в 346 
32. кө ae 17(2) 16 1 — | 44. Richmond 11 | 10 a 
E Bethesda i54) = 15 433 |45, Вее 1102) - fit 3.80 
E^ Sonde í 15(1) 7 8 4.13 | 46. Fort Lauderdale 10 1 0 d 
$t Rene 13 2 3r 627 47. Memphis 10 $ 552 
37. San Diego 13 5 8 650 


NINE—Buffalo, Hong Kong, Jacksonville (1). 

EIGHT—Charleston (1), Indianapolis (1), Newark (2), Sacramento. 

SEVEN—buildings (4), Cincinnati (1), Des Moines, Wheaton. А T 

SIX—Austin (1), Baton Rouge, Harrisburg (1), Honolulu (1 ^, Hyattsville (1), Ocean City, Orlando, S 
Lake City, St. Petersburg, Wilmington. iaa 

FIVE—Albany, Alexandria, Bombay, Cinti, Copenhagen, Hartford, Madison, Miami Beach, Nap'e? 
Nashville, Phoenix, Tulsa. т 

FOUR—Bloomington (1), Bonn (1), Brussels, Cambridge, cars, Columbia, Frederick, Hagerstown S өм 
Hollywood, Kensington, Lansing, Louisville, Salisbury, St. Paul, Takomark, Tallahassee, Tows0™ 
Venice, York (1). ei 

THREE—Athens, Aurora (1), Binghamton, Birmingham, Dayton, Fort Worth (1), Greenbelt (1), ud 
(1) houses (1), Long Beach, Lucerne, Mattoon, Mobile, Montreal, Norfolk, Oklahoma City, ©. 
Portland, Prague, Raleigh, Riverdale, Roanoke, Rockford, Salem (1), San Jose, Savannah, Scranton» 
streets, Toledo (1), Topeka, Tucson, Vienna. ise (1) 

TWO—Albuquerque, Arlington, Aspen, Bangkok, bars, Battle Creek, Belleville, Berkeley, ba 
Boulder, Brooklyn (1), Buenos Aires, buses (1), Calcutta, Carbondale, Charlotte, Charlottesville, C - 
enne, country, crowded, Cumberland (1), Cyor, Falls Church, Florence, Freeport (1), Gary, A 
Greenville, Helena, hot, Joliet, Kalamazoo, Lake Forest, Lancaster, La Platte, Laurel, Luceine, er 
City (1), Morton Grove, New Brunswick, New Haven, New Jersey, Newport, Pasadena, D 
Portland, Rantoul, restaurant, Rio de Janeiro, Rotterdam, Saigon, San Antonio, sidewalks, slums, Sou 
Bend, state, Steator (2), stores, streets, Toronto, traffic, Wilkes-Barre, Youngstown. с City: 

ONE—Abilene, Aberdeen, Ambara, Amsterdam, Anchorage, apartments, Arthur, Ashland, Atlantic "iei 
Baghdad, Barcelona, Beine, Bellaire, Beloit, Bergen, Berwyn, Bethany, Blue Mound, Boody, Bova 
Brisbane, Brownsville, Burbank, Burlington, Burne (1), business offices, busy, Butte, Cairo, Сш 
Calumet City, Camden, Canton, cats, cement, Chambersburg, Chatham, Cheingmai, Cheverly, Ches, 
Chase, Clearwater, Clinton, Cody, commerce, Concord, confederacy, Cornell, Cowden, crowded sideW iin, 
Crown Point, Dansk, Danville, Datona, Delhi, Darwyn, dirt, dogs, Dover, Downers Grove: pu um 
Duluth, Durham, Bast Altar, Edwardsville, Elizabeth, Elmhurst, Elmira, Endicott, Endwell, ES А 
Evanston, excitement, factories, Fairfax, Fairfield (1), Farmersville, Fayetteville (1), firehouse, Flagst?" 
Fort Knox, Fort Pierce, Fort Wayne, Fresno, Galesburg, Garrett Park, Gastonia (1), Georgetow n 
Gettysburg, Goledo, government (1), Granite City, Green Bay, Greenboro, Guadalajara, Hamburg, 
Hammerfest, Hammond, Harvey, Heidelberg, Helsinki, Hickory, Highland Park, Hillsboro, Hilo, Huns 
ington, Idaho Falls, industry, Iowa City, Iron Ridge, Ithaca (1), Jackson, Jersey, Jerseyville, Jerasálený 
Johannesburg, Johnstown (1), Junction, Juneau, Kailoa, Kassel, Keno, Kingsport, Leghorn, Leurs 
Leningrad, Leroy, Levittown, Lexington, lights, Lincoln, Lisbon, Little Rock, Los Alamos, lots of mu 
loud noises, Lourdes, Lyons, Macon, Manchester, Manila, Mantowac, Marion, Marseilles, Мейо) 
Mezzepa, Monroe, Monroeville, Montgomery, Mount Rainier (1), Mundallion, Mundelein (1), Mugen 
Myrtle Beach, Nagasaki, Naperville, Nashville, Natchitoches (1), Neosho, Nevada, New Delhi, де 
News, Newton, nightclub, noise, Norman, Norwalk, Oak Lawn (1), Oak Park, Oberlin, aai LA 
Odessa, offices, Olympia, P aducah, Pana, parks, P. au, Perryville, Philo, Pisa, Polton, Pompanin e 
Princeton, Quebec, Quincy, Reading, Rimini, River F Orest, roads, Rock Island, Rockwell, Rocky M “iby 
tain, Rolla, Sanana, San Juan, Santa Ana, Sarasota, Savoy, Scarsdale, school, sewers, Shannon, a Е ауз, 
ville (1), shops, Shreveport, Skokie, skyscrapers, Spokane, Stockholm, stoplight, Streetlight, su terloo, 
Sullivan (1), Sydney, Syracuse, Taipei, urban (1), Waldorf, W alla Walla, Ward River, Warsaw, pones 
Waukegan (1), Wauwatosa, Wenonah, West Allis, Westphalia, wide streets, Winchester, Wi 
Winnetka, Winston-Salem, work, Yonkers. 


Response 
. New York 
. California 
.- Maryland 
Florida 
. Illinois 
Texas 
. Virginia 
. Pennsylvania 
. Maine 
10. New Jersey 
11. Ohio ` 
12. Indiana 
13. Wisconsin 
14. Alabama 
15. Washington 
16. Iowa 
17. Georgia 
18. North Carolina 
19. Oregon 
. Massachusetts 
21. South Carolina 
22. Delaware 
. Michigan 
. Vermont 
25. New Mexico 


ооо чо олњ w N= 


FOUR—confusion. 
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Total 

F (Ist) 
300(19) 
297(9) 
264(176) 
225(4) 
186(124) 
147 
144 
133(7) 
116(15) 
11404) 
109(6) 
98(3) 
86(5) 
85(6) 
84(2) 
82(3) 
78(1) 


TWO—happiness, New Orleans. 
ONE—Albany, alive, Annapolis (1), anxiety (1), blessed repose, Boston, Brazil (1), Chicago, citizens, 
Colombia, dead, depression, District of Columbia, elation, exhaustion, fears, happy, Mexico, Miami, 
New England, of being (1), Outer Mongolia, physical, poor, psychological, Quebec, rich, sad, sadness, 
Ukraine, well-being, well-to-do. 


Response 


» U. Maryland 
* J. Illinois 
arvard 

ale 


UCLA 


Princeton 


с о 


шомат 


Dap higan 


10, xP State 
11, p western 
12, Mpa Sconsin 


| irai 

6 Purdue nia 

17, coathern Illinois 

lg ,Ornell 

19. diana U. 

20, 3 Chicago 
Merican U, 


Total 
F (Ast) 
251(219) 


160(7) 

133(5) 
92(3) 
84(3) 
65(1) 
57(1) 
56(2) 
48(1) 
45(2) 
42(1) 
39(1) 
39(1) 
38 
38 
37 
36(1) 
36(5) 
33(3) 


Response 


26. New Hampshire 


27. Mississippi 


28. Alaska 


55. A STATI 

Md. 
F R 
188 4.36 | 26 
180 5.94 27 
256 1.84 | 28 
139 6.12 | 29. 
29 5.62 | 30 
98 7.14 | 31 
124 4.91 | 32 
117 4.64 | 33 
87 5.64 | 34 
80 5.46 | 35 
52 5.81 | 36 
15 5.80 | 37 
16 5.25 38 
53 6.66 | 39 
50 6.84 | 40 
22 7.36 | 41 
57 8.21 | 42 
62 6.84 | 43 
45 7.49 | 44 
54 6.22 | 45 
55 7.55 | 46 
66 5.01 | 47 
23 7.36 | 48 
50 6.96 | 49 
45 649 | 50 


Colorado 


. Hawaii 

. Louisiana 

. Rhode Island 
. Kentucky 

. Missouri 

. Utah 

. West Virginia 
. Arizona 

. Tennessee 

. North Dakota 
. Nevada 

. Montana 

2. Connecticut 

. South Dakota 
. Arkansas 

. Minnesota 

. Wyoming 

. Idaho 

. Kansas 

. Nebraska 

. Oklahoma 


56. A COLLEGE OR UNIVERSITY 


П. 
Е 


ма. 


Е 


— 251 
168(135) 159 


70 
49 
35 
26 
39 

7 


44 
37 
17 
14 
27 
38 
12 
29 
31 

1 


9 
90 
84 
57 
56 
26 
50 
56 

4 

8 
25 
25 
39 

11 
25 
1 
8 
32 


R 


1.33 
3.89 
4.21 
4.46 
4.98 
5.05 
4.81 
4.18 
3.88 
5.00 
4.50 


21. 
22, 


Response 


Dartmouth 
Ohio State 


. U. California 

. Columbia 

. Stanford 

. U. lowa 

. U. North Carolina 
. Georgetown U. 

. George Washington 
. Northern Illinois 

. U. Miami 

. Michigan State 

. North Carolina State 
. Rutgers 


. U. Florida 

. U. Pennsylvania 
. Vassar 

. Oxford 

. Bradley 

. Notre Dame 


Total 
F (1st) 


291) 

29(2) 

29 

28 

28 

28 
28(2) 
27 

26 

26 
26(2) 
23 

21 
21(1) 
21(1) 
21(1) 
21 
20 
19(1) 
18 


Md. 
! R 


aw 

у с о огл 
D ә Ga de бо 
Сә тл 62 w 


СЄ с ол <ї бо O CA 
сс 
oU 
AO te 


t2 
© 
мооомме м 


у Qj — t3 03 09 OG) 09 C oe 


© 
© 

ш оюл ос М х 

© Ui С (л 1 бо — (л 


6.41 


5 4.80 
10 4.30 
27 5.11 
27 4.11 
25 4.00 


18 4.28 
2 6.00 
21 5.48 
18 5.11 
17 5.9 
18 347 
10 5.30 

7 4.57 


8 4.50 
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Total Ilt. Md. Fotai Hl Md 
Response Fils ЕЁ P R Respons F (1з F F R 
41. U. S. Naval 57. Bucknell ti 12 лот 
I8 1 17 5.53 | 58. Tuliíne КЕ] Н о $44 
12. 18 12 6 5.00 | 59. Western Maryland 13 ] 392 
43. U. 18 18 6.38 | 60. Cathelic U. 11 11 427 
44, D. Wa 18 13 $5 5.20 | бї, Georgie Terk TT 11 5Л8 
45. Brown U. 1702) З 14 5.79 | 62. Goucher 11 11 5.30 
46. Clemson 17 17 4.53 | 63. Loyola 11 ӯ ) 5.60 
47. Western Illinois 17 17 — 64. Maryland Jr. C. 11 11 3.91 
48. Ч 10 13 3 4.50 | 65. U, Baltimore 11.1) 11 3.09 
49. Cal. Tech 16:1) 4 12 4.83 | 66. William and Mars 11 1 то 4.00 
50. Radcliffe 16 8 8 6.25 | 67. Boston U. 10 E 8 5.25 
51. Johns Hopkins 15 - 15 3.87 | 08. Cambridge 10 ? 3 453 
52. U. Southern 69. Millikin 1001) 10 
California 15 10 5 3.00 | 70. Syracuse U, 10 1 Q 4,89 
53. Eastern Illinois 14 14 = 71. Towson 10 10. 4,00 
54. Ilinois Institute of 72. U. Colorado 10 8 2 5.00 
Technology 14 H4 — — 73. U. West Virginia 10 10 5.20 
55. U. Pittsburgh 14 - d 407 | T5. Wake Eats 10 10 530 
56. U. Texas 14 3 11 5.09 


NINE—Brandeis, Frostburg, Miami U. (Ohio), Normal, Ohio U. (3), U. Delaware. 

EIGHT-— Texas А. & M. 

SEVEN—Drake, Gettysburg C., Louisiana State U., Trinity C. (1), U. Oklahoma, Wellesley, 

SIX—Colgate, De Paul, Drexel Institute of Technology, Iowa State U., Mount Saint Maryis C Sint 
U. Alabama, West Point. 2 

FIVE—Howard U., Illinois State, Knox (1), New York City C., Salisbury State, South Carolina State, 
Temple, U. Cincinnati, U. Denver, U. Georgia, U. Kentucky, U. Mississippi, U. South Florida, Virginia 
Tech., Virginia Military Institute, Wesleyan (1), Western Michigan. 

FOUR—Arizona State, Aris and Sciences, Barnard, education (1), Florida State, Franklin and Marshall, 
Hood (1), Monmouth, Oberlin (1), PGCC, Queens, Sorbonne, St. Joseph's, Swarthmore, U, Arizona, 
U. Hawaii, U. Kansas, U. Massachusetts, Virginia Polytechnic Institute, Washington and Lee, 

THREE—Amherst, Augustana, Baltimore Jr. C., DePauw, Emory, Kansas State, learning (1), Lehigh, 
MacMurray, Morgan State (1), North Central, Parsons, Randolph-Macon, Rockford, Sarah Lawrence. 
school (3), Southern Methodist, Strayer, Sweet Briar, U. Arkansas, U, St. Louis, U. S. Air Force Academy. 
U.S. Military Academy, Villanova (1). 

TWO—Allegheny, Antioch, Aurora, Bennington, Blackburn, Brooklyn, Bryn Mawr, Carnegie Institute o! 
Technology, Central Michigan, Chatham, Chicago Teacher's C., classes, Colby, Danville Jr. C., Denison, 
Dickinson C., Dunbarton, Fordham, Furman, Grinnell, Hollins, Holy Cross, Lewis, Marietta, Marjorie 
Webster, Marymount, Middlebury, Murray State, Pembroke, Phys. Ed., Potoma State, Rice Institutes 
Ripon, Rochester, Roosevelt, Seton Hall U., Shepherd, St. Francis, St. Mary's Seminary, study uU 
Thurman (1), Tufts, U. Connecticut, U. Detroit, U. Missouri, U. Montana, U. New Mexico, U. Oregon, 
U. Tennessee, U. Utah, U. Vermont, Upper Iowa, U. S. Coast Guard Academy, Wesley, Western Reserve 
Wheaton, Williams, work. " ы 

ONE—agriculture, Albion, Auburn, Baldwin-Wallace, Ball State, Bloom Jr. C., Bluffton, Bob Jones, book, 
Boston C., Bowie State, Bridgeport, Brigham Young, Buena Vista, Buffalo, Carleton, Catonsville, Carson 
Newman, Carthage, Catawba, Case Institute of Technology, Central State, Chicago Circle, Citadel, Сое, 
Colorado School of Mines, Columbia Union C., commerce, conflict, Congress Circle, Connecticut C. fer 
Women, credits, decision, Delaware Wesleyan, Devry Tech., Douglass, drinking, DYU, Earlham, Elm 
hurst, Elon, Emory and Henry, engineering, Essex Community C., Fenn, friends, fun, Gallaudet, Gonzaga: 

Hamilton, Hardin-Simmons, Harvey Mudd, higher learning (1), home economics, Hunter, Indiana 

Institute of Technology, institution, intelligence, interesting, John Carroll U., Johnstown (1), King 5 

Kent State, La Crosse, Lafayette, Lake Forest, Lamar Tech., large, LAS, La Salle, Lawrence (1), Linden- 

wood, LIU, Loop Jr. C., LRU, LSU, Lycoming, Lynchburg, Manor, Marquette, Marshall, Mary Baldwin 

Mary Washington, Maryland State (1), McKendree, meet people, Meyer, Mills, Montana State, М5 j 

(1), Mundelein, Newcomb (1), Norman, no sleep, nursing, Occidental, people, physics, Platteville, | ш 

outh, PMC, pressure, Queensland, Radford, Reed, Rensselaer, Richmond U., Roanoke, Rochester, ee 

tute of Technology, room (1), Rosary, Rosemont, Russell Sage, Salem, Sam Houston, Simpson, S 

Rock, SMU, South Dakota State, Southeastern, Southern Bapti: Stephens, Stevens Point, piel 

St. John's, St. Leo, St. Margaret's, St. Olaf, Stony Brook, Stout, SUI, Sullins, Talgar, Taylor, ten? 


Л 
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| Feshomu, UCCS, UN, University Collece, U. Baghdad, U. Dayton, U. London, U. Louisiana, U. Madrid, 
U. Maine, U. Nebraska, U. Nevada, U New Hampshire, U. North Dakota, U. Rhode Island (1), U. Santa 
Clara (1), U. Seattle, U. Stockholm, U. Pampa, U. Wyoming, Vanderbilt, Virginia Intermont C., Wabash, 


Wagner, Washington C., Wayne State cL), Wells, Western Carolina, Wheeling, why, Wittenberg, Wilson, 
Woman's C., Wright, Xavier, Yeshiva, Youngstown, 


“> 


REFERENCE 
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Cultural norms for verbal items in 43 categories + 
Research, 


‘niversity of Connecticut, Contract. Nonr. 031/00), Ottice of Naval 
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APPENDIX 


TABLE A 
CONVERSION OF FREQUENCIES ТО PERCENTAGES 


Frequency | Frequency 
Percentage = Percentage = {———_—_____ — Е 
Total Md. nt. | Total Md. ш. 
100 440-442 | 269-270 172 50 219-223 134-130 | 86 
99 436-439 | 266-268 | 170-171 49 | 215-218 131-133 84-85 
98 431-435 | 264-265 168-169 48 210-214 | 129-130 82-83 
97 427-430 | 261-263 166-167 47 206-209 126-128 80. 81 
96 123-126 | 258-260 165 46 202-205 123-125 79 
95 118-122 | 256-257 163-164 45 — | 197-201 121-122 77-18 
94 414-417 253-255 161-162 44 193-196 | 118-120 75-70 
93 409-413 250-252 160 43 188-192 | 115-117 | 74 
92 405-408 248-249 158-159 42 184-187 113-114 72-73 
91 101-404 245-247 156-157 41 180-183 110-112 70-71 
90 396-400 | 242-244 151-155 40 175-179 | 107-109 68-69 
89 392-395 | 239-241 153 39 171-174 104-106 | — 07 
88 387-301 237-238 151-152 | 38 | 166-170 102-103 | 65-66 
87 383-386 | 234-236 19-150 | 37 | 162-165 99-101 63-04 
86 378-382 | 231-233 148. | 36 | 157-161 96-98 0) 
85 374-377 | 229-230 | 146-147 | 35 153-156 | 94-05 60-01 
84 370-373 | 226-228 | 144-145 m 119-152 91-93 58-59 
83 365-3690 | 223-225 142-143 33 144-148 88-90 56-57 
82 361-364 | 221-222 141 32 140-143 86-87 55 
81 356-360 | 218-220 | 139-140 ЗІ 135-139 | 83-85 53-54 
80 352-355 | 215-217 137-138 30 131-134 80-82 51-52 
79 347-351 212-214 136 29 | 126-130 77-79 50 
78 343-346 | 210-211 131-135 28 | 122-125 75-76 48-19 
77 339-342 | 207-209 132-133 27 118-121 72-74 46-47 
76 334-338 | 201-206 130-131 26 113-117 69-71 44-45 
75 330-333 | 202-203 129 25 109-112 | 67-68 43 
74 326-329 199-201 127-128 24 104-108 | 04-66 41-42 
73 321-325 196-198 125-126 23 100-103 01-63 3940 
72 | 317-320 191-195 123-124 2 96-99 59-60 37-38 
71. | 312-316 191-193 122 21 91-95 56-58 36 
70 308-311 188-190 120-121. | — 20 87-90 53-55 34-35 
69 303-307 185-187 118-119 | 19 82-86 50-52 32-33 
68 299-302 183-184 17 | 18 78-81 4849 31 
67 294-298 | 180-182 115-116 17 73-77 45-47 29-30 
66 290-293 | 177-179 113-114 16 | 69-72 42-44 21-28 
65 286-289 | 175-176 111-112 | 15 65-68 40-41 25:20 
64 281-285 | 172-174 10 — | 14 60-64 37-39 24 
63 277-280 | 169-171 | 108-109 13 | 56-59 34-36 22-23 
62 272-276 | 167-168 | 106-107 12 51-55 32-33 20-21 
61 268-271 164-166 105 T 17-50 29-31 19 
60 263-267 161-163 103-104 10 42-46 26-28 17-18 
59 259-262 158-160 | 101-102 [ 23-25 15-16 
58 255-258 156-157 99-100 8 ay 21-22 13-14 
57 250-254 153-155 98 7 29-33 18-20 12 
56 246-249 150-152 96-97 6 25-28 15-17 10-11 
55 241-245 148-149 94-95 5 20-24 13-14 8-9 
51 237-240 | 145-147 93 i 16-19 10-12 7 
53 233-236 142-144 91-92 3 12-15 7-9 5-6 
52 228-232 140-141 89-90 2 7-11 5-6 3 
51 224-227 137-139 87-88 1 3-6 2-4 1-2 
0 0-2 0-1 9 


